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GENERAL INTRODUCTION 


American Chemical Society Series of 
Scientific and Technologic Monographs 

l^J arrangement with the Interallied Conference of Pure and 
Applied Chemistryj which met in London and Brussels in July, 
1919, the American Chemical Society was to undertake the produc- 
tion and publication of Scientific and Technologic Monographs on 
chemical subjects. At the same time it was agreed that the Na- 
tional Research Council, in cooperation with the American Chemical 
Soci(‘ty and the American Physical Society, should undertake the 
])roduction and publication of Critical Tables of Chemical and 
IMiysical Constants. Tlie American Chemical Society and the Na- 
lional Research Council mutually agreed to care for these two fields 
of chemical development. The American Chemical Society named 
as Trustees, to make the necessary arrangements for the publica- 
tion of the monographs, Charles L. Parsons, Secretary of the Ameri- 
(‘an Chemical So(‘iety, Washington, 1). C. ; John E. Teeple, Treas- 
nr(‘r of (he Ani(‘ri(*an Chemical Society, New York City; and Pro- 
lessor G(dl(‘r(; AlUnnaii of Swarthmore College. The Trustees hav^e 
arranged for (he ])iihlication of the American (,diemical Socitdy 
s(M*i(‘s of (a) Sci(m(ific and tb) Technologic ^Monographs by the 
(lumiical Catalog Company ( Reinhold Publishing Corporation, snc- 
(*(‘ssors) of N(‘w York City. 

Th<‘ Council, acting through the Committee on National Ihdicy 
of the American (dieniical Society, appointed the editors, named at 
th(‘ cIos(‘ of this introduction, to have charge of securing authors, 
and of considering critically the manuscripts ])repared. The edi- 
tors of (‘ach s(‘ri<‘s will endeavor to select topics which are of cur- 
iam t. inteiaast and authors who are re(‘oguized as authorities in their 
laaspective fields. The list of monographs thus far secured a])pears 
in the })ublisher\s own annouiK'ement elsewhere in this volume. 

Th(‘ development of knowledge in all branches of scieiu'e, and 
especially in chemistry, has been so rapid during the last fifty years 
and the fields covered by this development have been so varied that 
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it is diflQcult for any individual to keep in touch with the progress 
in braaches of science outside his own specialty. In spite of Hu; 
facilities for the examination of the literature given by Cheiiiical 
Abstracts and such compendia as Beilstein’s Handbuch der Orgaii- 
ischen Cbemie, Richter’s Lexikon, Ostwald’s Lehrbuch der Allge- 
meinea Chemie, Abegg’s and Gmelin-Kraut’s Handbuch der Anor- 
ganischen Chemie and the English and French Dictionaries of 
Chemistry, it often takes a great deal of time to coordinate; (In; 
knowledge available upon a single topic. Consequently when uu;u 
who have spent years in the study of important subjects arc; will- 
ing to coordinate their knowledge and present it in concise, rcnid- 
able form, they perform a service of the highest value to their fed- 
low chemists. 


It was uith a clear recognition of the usefulness of rc;views of 
this character that a Committee of the American Chemical Soededy 
recommended the publication of the two series of monographs iiiider 
the auspices of the Society. 

Two rather distinct purposes are to be served by these mono- 
graphs. The first purpose, whose fulfilment will probably lamder 
to chemists in general the most important service, is to present, the 
knowledge available upon the chosen topic in a readabh; form, in- 
telligible to those whose activities may be along a wholly dilfei-eiil. 
line. Hany chemists fail to realize how (dosely th(;ir investigations 
may be connected with other work which on the surface a|>|i(>ars fai- 
afield from their own. The.se monographs will enahle such men to 
form clo.ser contact with the work of chemists in olher line's of re 
search. The second puiqmse is to promote re.seandi in I he hraiudi 
of science covered by the monograph, by furnishing a. well digested 
survey of the progress already made in that field and hy la.inting 
out directions in which investigation needs to he e.xle'ml,.,|. To 
facilitate the attainment of this purpose, it is inleiided In imdiide 
extended references to the literature, whiidi will enahle aiivone in 
terested to follow up the subject in more detail. If t he I i (era I are 
is so voluminous that a complete bibliography is im,)raclieabh', a 
critical selection will be made of those papers which are mosi, in,, 
p or taut. 

The publication of these books marks a distinct departure in (]„' 
policy of the American Chemical Society inasmuch as it is a serious 
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at, tempt to found an American chemical literature without primary 
regard to commercial considerations. The success of the venture 
will depend in large part upon the measure of cooperation which can 
be secured in the preparation of books dealing adequately with topics 
of general interest ; it is earnestly hoped, therefore, that every mem- 
ber of the various organizations in the chemical and allied indus- 
tries will recognize the importance of the enterprise and take suffi- 
cient interest to justify it. 
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INTKODUCTION 


lilxcei)tin^ fluorine, oxygen is the most powerfully negative of the 
elenients. In view of this situation it becomes reasonable to ascribe 


to oxygen a dominating r61e, so to speak, in all its compounds, ex- 
cepting its fluoride, and to regard all the metallic oxides and non- 
nietallic oxides, the oxygen acids, bases and salts, the alcohols, alde- 
hydes and other compounds containing oxygen as constituting an 
ox.ygen system of compounds. Just as reasonably one may look 
upon all oxygen compounds, excepting again oxygen fluoride, as 
d(u*iva,tives of water and say that they belong to a water system. 

Next to oxygen in the order of negativity stands nitrogen.^ Such 
being the case it is reasonable to say that the compounds of nitro- 
gen, excepting the fluoride and oxides which belong respectively 
to the fluorine system and the oxygen system, constitute a nitro- 
g(ai syslem of compounds in the same sense that the compounds 
of oxygen have been assumed to make up an oxygen system. 
Nitrogen, with its high negativity, may be said to dominate all 
the compounds into which it enters excepting those with fluorine 
and oxygen. That is to say, all nitrogen compounds, with the excep- 
tions not(Ml, may he regarded as derivatives of ammonia and as such 
said to const itule an ammonia system. Since, however, it is the ni- 
trogen contained in these compounds, rather than the ammonia 
from which they may he assumed to he diuaved, which gives them 
such ])roperties as they have in common it seems l)etter to speak 
of a nitrogen system of compounds ratluu* than of an animoni,! s,\s- 
txni, though of course it is a matter of no fundamental im]){)rian(e 


which designation is used. 

In order to give credit to a man for what may properly h(‘ 
re<mrded as a hrilliant idea the following bit of history is inter- 
j(‘c(ed liere. In the autumn of l<Sfl(> Hamilton Ik Cady, then an un- 
d(u-gradiiate, and now Crofessor of (fliemistry at the Univei'sity of 
Kansas, was working at the regulation course in quantitative analy- 
sis Observing after a time that the young man was becoming bored 
with his task, the writer, at the time giving instruction in analyti- 
cal chemistry, jiroposed to him that he prepare several of the cobalt- 
amine salts and conflrm the composition of one or two of them by 
analysis. Some days later with a beautifully crystallized specimen 


1 Nitroj^on is apparently somewhat more negative than cliloriiie, 
J. Am, Ghem. Soc., 54, «tr)7 (U).!-). 


Pauling, 
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of one of these interesting salts in his hand Cady stated that ihe 
ammonia in these and other salts containing ammonia must fniK*- 
tion in a manner very similar to that of water in salts Avitli wat(‘r 
of crystallization.^ He suggested furthermore that liquid ammonia, 
would probably be found to resemble water in its ])hysi(*a,l and 
chemical properties. As a direct consequence of Cady\s siiggesl ion 
has followed all the work done in this country on li(inid ammonia. 

As is familiarly known water occupies an outstanding posilion 
among solvents. In its capacity as a solvent for salts and as an 
ionizing agent it stands in a class by itself and is approached only 
by liquid ammonia and probably by hydrogen fluoride. Its heat of 
evaporation and its dielectric constant are the highest of any known 
substance, excepting that the dielectric constants of hydrogen perox- 
ide and hydrocyanic acid are greater than that of water. Its s])e- 
cific heat and its critical constants are conspicuously high, whihi 
its ebullioscopic and cryoscopic constants are exceptionally low. 
It is an associated liquid, and it possesses in a high degree tln^ 
property of forming compounds with salts and' other ('omponnds, 
the compounds with the former being known as salts willi u'abo* 
of crystallization. All these properties tend to remove wa,i:(‘r fai' 
from other solvents and place it in a class by itself. 

Of all known liquids ammonia most closely approaclies wa,i(‘r in 
all those properties which give to water its outstanding place among 
solvents. In its capacity as a solvent for salts liquid ammonia, 
is secondary to water, though some salts, for example the iodid(‘s 
of mercury, lead and silver, which are insoluble in watc^r, dissohm 
abundantly in liquid ammonia. It approaches water in its powcn* 
of ionizing electrolytes. Solutions of salts in li(iuid ammonia, aro 
exceUent conductors of electricity. It unites with sails as am 
monia of crystallization, even surpassing water in its (*apa,citv tor 
forming solvates. Like water it is an associated U()uid. Its ))<‘at 
of vaporization is higher than that of any other licpiid wilh lh(‘ (ex- 
ception of water and hydrogen fluoride. For a substance^ of such 
simple composition its critical temperature and its critical ])r(‘ssinv 
and even its boiling point at atmospheric pressure are nnnai'kablv 
high. Its specific heat is slightly greater than that ol; waLn* while 
its ebullioscopic and cryoscopic constants are the low(‘st of any 
known solvent. 

These striking resemblances between li(iind ninmonia and wafer 
lead one to expect to find the derivatives of annnonia following n,or,. 

01 less closely in their properties and reactions i lio.se of I bo aiialo 

3 " ~ T ^ 

(1S90)] ’ ’ ' Chemistry,” 2,1. Md., aO:l 
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jjjoiis \va.t(‘r (‘oinpoiMKis oi*^ stated in another way, tlie compounds of 
<)xy^(*ii ;ui(l iiilro^'en slionld be expected to show many properties in 
voninum. ^ As a matter of fact the resemblances between tbe analo- 
^■ous d(‘riva.tives of nitrogmi and oxygen are hardly less striking 
Ilian 1.hos('! (mnnuM'aled above in comparing the properties of am- 
monia and water. 

For example, potassium amide, which is a derivative of ammonia 
in the sanu‘ sense that potassium hydroxide is a derivative of water, 
shows all th(^ [)ro[)<*rties of a base. Acetaniidine, as the nitrogen 
analog oi a,e(di(* aia’d, meets onr expectations in its behavior as an 
acetic a.i'id. AiHdainide shows the properties of a mixed acetic acid 
denaved simullaneonsly from water and ammonia. Calcium cyan- 
amide and calcium eyanate are just as certainly calcium carbonates 
as is th(‘ familiar limestone. Tlie first salt belongs to the nitrogen 
system, the KS(‘cond is derived at the same time from ammonia and 
wafer, (he third belongs to the oxygen system. Acids, bases and 
salts, alcohols, aldehydes and representatives of other classes of 
compounds eontaining nitrogen as their dominating element exhibit 
all (ln‘ familiar pi'operties of their analogous oxygen compounds. 

Th(‘ oI)j(‘(d; of tliis monograph is to outline what we have chosen 
to call lh(‘ nitrogen system of eoiupounds and to bring to the at-j 
((‘III ion of elnmiisls the remarkable (extent to wliieli the compounds' 
of nilrogiMi simulate^ in their properties and behavior the analogous* 
eomponnds of oxygen. 

OI Ikm* systiaus of bases, acids and salts have been suggested, among 
lluan syslems in whi(*h inclhaue, hydrogen sulfide, and hydrogen 
lluori(l(‘, phosgiuK' and hydrazine respectively are sni)posed to func- 
tion as par<‘tit snhstanc(\s just as water and ammonia are assumed 
to do in th(^ oxyg(‘U and nitrogen systinns outlined atiove. The ideas 
ninhu'lying (h(‘se sugg(‘si.ions are reasonable eiiongii excepting that 
hy<lra,zin<‘ and its diaavatives are I'ather to be regardi^d as belong- 
ing lo lh(‘ nili'ogmi syslina just as liydrogen peroxide and its derivu- 
tiva^s must l)(‘ thought of as Ixnng members of the oxygen system 
while' phosgema in view of the outstandingly dominating charaeler 
of oxygen, l)(‘longs (o the oxygem syslem. Of course in case any- 
thing is gaimal Ihmatyy [yhosgciu* may ])(‘ said to Ixdong at the same 
tinu‘ lo tiu‘ oxyg(‘n systimi and the hydrogen chloride system. 
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Molecular Boiling Point Elevation. The ebullioseopic con- 
stant of liquid ammonia, calculated by means of the equation, 
K = 0.0198TVA, in which T represents the absolute boiling point of 
ammonia and X its heat of vaporization, has the value 3.47. 

In their early survey of the properties of liquid ammonia Fi*ank- 
lin and Kraus ^ undertook the direct determination of this constant 
with the result that the molecular elevation of the boiling point of 
liquid ammonia was found to vary rather widely from solute i:o 
solute as well as with the concentration. Some of the experimenlal 
data are given in Table 2, in which the i$|perscripts, g/100 G and A', 
represent respectively the concentrations in grams of solute p(u* 
100 grams of solvent and the observed molecular elevation of I he 
boiling point. 


Table 2. — Molecular Boiling Point Elevation. 


g/100 a 

K 

g/100 Q 


Water 

Ethyl Alcohol 

0.92 

3.42 

1.60 

3.11 

1.83 

3.50 

3.15 

3.36 

3.20 

3.45 

6.39 

3.34 

5.27 

3.45 

12.38 

3.36 

8.54 

3.44 

26.74 

3.38 

19.7 

3.53 

44.8 

3.29 


g/100 0 

K 

g/100 a 

K 

Sucrose 

Sodium Nitrate 

1.72 

3.18 

1.53 

2.37 

4.63 

3.25 

1.65 

2.78 

9.91 

3.90 

4.26 

2.99 

20.71 

3.77 

9.70 

3.37 

38.71 

3.93 

16.69 

3.72 

75.8 

4.70 

33.11 

4.58 

. . . 


41.3 

5.24 


^ Water, as perhaps might have been expected, gave the most con- 
sistent results. One series of eleven measurements in which the 
concentration in respect to water ranged from 0.92 gram to 19.7 
gram per 100 grams ammonia gave values from 3.42 to 3.53 for the 
molecular elevation of the boiling point. A second series of meas- 
urements gave values between 3.02 and 3.42, a third between 3.34 
and 3.78. Omitting observations on solutions the conce^itrations 
g/100 G^, of which are above 10, the mean value of K for 20 observa- 
tions is 3.39 as compared with 3.47 calculated above. 

It would be unprofitable to attempt a discussion of tlie ai)T)ar- 
ently erratic manner in which solutes— other than waler^aiTect the 
boiling point of liquid ammonia. We shall content ourselves wilh 
noting that the effects of various solutes on the boiling point of 
ammonia simulate in a rough way their effects on the boiling point 


Molecular Depression of the Freezing Point. The crvosconi^* 


f I® Y ^ i-epresents the absolute mel(in<^ nonit 

and A the heat of fusion, 81.5 cal./gram,^ or 84.0 cal./grain" Y, in 

21, 8 (ISOOi^Knu.s, 

Strain and Smith, V. Am. 1 ^, 52 6291 <'*’-6) 

^Eueken and Karwat Z. ^KyA 478 &) 

Eucken and Donrath, Z. physilc. Chem., 124, 201 (1926). 
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4? " ' ' ' 

the iteighborliood of 9.3 9.0. 

Direct measurements of the depression of the freezing point of 
four compounds dissolved in liquid ammonia have given the results 
shown in Table 3. The concentrations of the solutions in grams 
solute per 100 grams solvent are given under g/100 Gy the molecular 
depression of the freezing point under 


Table 3. — Depression of the Freezing Point. 


g/100 a 

K 

g/100 a 

K 

g/100 G 

K 

g /100 a 

K 

Water 

Ethyl Alcohol 

Sucrose 

Sodium Nitrate 

0.70 

9.8 

0.51 

11.1 

3.03 

8.6 

0.45 

12.7 

1.58 

9.7 

1.09 

10.0 

4.10 

8.8 

0.85 

10.9 

3.00 

9.7 

4.98 

9.5 

5.42 

9.9 

1.90 

10.3 

6.08 

9.7 

9.14 

9.2 

7.27 

10.3 

3.69 

10.1 

11.64 

9.9 

15.90 

8.6 

9,07 

9.2 

6.41 

10.7 

20.8 

10,7 

30.4 

7.9 

10.82 

10.4 

14.4 

11.0 

20.5 

11,3 

41.5 

7.3 

14.5 

10.0 

19.0 

11.3 


An inspection of Table 3 shows that while water in the more 
dilute solutions gives values approximating 0.7 for the cryoscopic 
(‘onstant of liquid ammonia other solutes give rather widely vary- 
ing results. 

Electrical Conductance o£ Liquid Ammonia Solutions. In view 
ol* the remarkable manner in which liquid ammonia resembles water 
in its general physical and chemical prox)erties it is not surprising 
to lind (hat liquid aminoiiia solutions of a large variety of salts and 
oilnu* compounds are conductors of electricity. Next to water liquid 
ammonia is lh(‘ b(‘s( (‘haqrolylic solvent known in that it dissolves 
salts mor(‘ abiindaiilly ami in greater variety than does any other 
solvamt, (‘xc(q)ting walia*, to form solutions which in general are 
(‘xc(‘ll(mt ('ondiiclors of (‘hudricily. Tli(‘ comluctaiua^s of soiiui 
nin(qy-liv(^ cC)mpoun(ls have; Ixaui imaisured.''' 

In kignr(‘ I lln^ mol(‘cular conduct anc(*s of j)()tassium iodide, ])o- 
tassium nitrat(‘ and sodium niti*at(» in li(iuid ammonia at — 
and of j)otassium iodid(‘ in wat<‘r at d V* and lio', in their (hv 
p(md(Ui(*e on dilution are shown gra])hically. The ordinates rex)re- 
s(mt in()l(‘(*ular conducian(‘(‘s, the abscissas, the logarithms of the 
(lilut ions. 

hhainklin and Kraus, int(‘rj)r(‘t ing these curves in terms of the 
<lissociat ion lh(‘oi'y of iVrrlamius, said that X)otassium nitrate at a 
concentration of live times normal in water solution at IS" is 
5 lisso(‘ialed to the extmit of something like sixty per cent and that 

4 Elliott, J. Phys. Chem., 28, OU (1924). 

reEraiiklin and' Kraus, Am. Chem. J., 23, 277 (1900); J. Am. Chem. Soc., 27, 
101 (1905); l^^ranklin, plu/sik. Chem., 69, 272 (1900); F. A. Sinitli, Thesis, 
Stanford TTniversity, 1925; G. C. Griswold, Thesis, Stanford University, 1920; 
Strain, J. Am. Chem, tioc., 49, 1999 (1927). 

<’> Sloan, r/. Am, CJicm. ISoc., 32, 940 (1910). 
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dissociation approaches completion at a dilution of one thousand 
liters per molecnle whereas in liquid ammonia solution at the same 
high concentration the salt is roughly ten per cent dissociated while 
the dilution necessary for bringing dissociation to approximate coim 



liquid i. 

in liquid ammonia on the amotion « , fa ' "'"‘“'"s oi »oll» 
potontia, alope, t„voi at a m„i 
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— 33.4^ than they do in water at laboratory temperature. In har- 
mony with this explanation are the ion velocities measured by 
Franklin and Cady by the moving boundary method." 

These investigators found that under a potential slope of one volt 
per centimeter the following ions travel in centimeters per second 
at approximately the speeds indicated, = 0.00135, K =1 0.00176, 
Na =: 0.00135, Ag “ 0.00111, NO3 ~ 0.00176, from which it will be 
seen that these ions travel from two and one-half to nearly three 
times as fast in liquid ammonia at — 33° as they do in water at 1S°. 

Optical Activity in Liquid Ammonia Solution. In Table 4 are 
given the results of observations by Sherry ® on some representative 
optically active compounds in solution in liquid ammonia. The 
measurements were made at 20°. The superscriptions, c and [a] 
represent respectively the concentration in grams of solute per 
100 cc. of the solution and the specific rotation for sodium light. 


Table 4. Optically AcUi'e Compounds in Solutioji in Liquid Ammonia. 


Cane sugar * 

c 

UP 

c 

[a]‘> 

8.2 

70.0 

48.8 

73.6 

Lactose 

7.0 

33.2 

27.8 

32.5 

Raffinose 

4.1 

102.5 

10.4 

102.5 

Glucose 

3.5 

50.1 

27.8 

65.3 

Galactose 

7.0 

12.2 



Fructose f 


0 



Asparagine 

S.2 

—20.9 

32.8 

—27.0 

Amygdaline 

4.1 

—53.7 

24.3 

—53.7 

Coniine hydroehloride 

4.1 

10.3 

8.2 

10.1 

Cocaine 

* In nu'th.vUunhu‘ al r ll 

3.5 

>.2, lali> 7.“>.S. 

—24.0 

0.9 

—24.0 

t N<*illier in aninionia. nor 
m(‘usui-al)le oplic-al activUy. 

:!: In .suirur dioxhhi a 1 r — 7 

in m(‘lliylainiin‘, nor 

.7, [ftp’ M 7.2. 

in elhylainine (hx'S 

fructose show 

Liquid Ammonia as 

Solvent. The ( 

nirliest 

extensive investiga- 

tions on tlie properl i(‘s 

of Ihinid ammonia as n 

L solvent 

were made 


by Gore,-^ who gives a list oT 250 substances upon which experiments 
wcT'i^ made. Gore’s investigations w(‘re undertaken tor the purpose 
of ascertaining the general solvmit properties ot liipiid aiumonia 
and to detect any manifest chemical reactions between it and the 
various substances examined. The tests were made in Faraday 
tubes in which the ammonia, generated by lieating ammoiiated cal- 
cium chloride, was condensed by refrigeration and its own pr(‘ss\u*e 
on the substances to be studied. 

Ih-evious to the work of Gore, Weyl,^*^ and Seely and following 

7 Franklin and Cady, J. Am. (dicni. aSoc., 26, 490 (1904), Proc. Amcr. d.s.sot*. 
Adn. 51, 3()() (1902) ; Krans and Pray, J. Am. Chetn. Hoc., 36, IdOl (1913)- 

H Sherry, J.^Phys. Ghem., 11, 559 (1907). 

'•J Gore, ProG. Poyal Hoc. {Lo7idon), 20, 441 (1872) ; 21, 140 (1873). 

loWeyl, Poyg. A^in., 121, 001, 097 (1863); 123, 350 (1864). 

11 Seely, Cham. Ncios, 23, 169 (1871) ; J. Franklin Inst,, 91, HO (1871). 



20 THE NITROGEN SYSTEM OF COMPOUNDS 

Seely Joaiims^=> investigated the action of liquid ammonia on a 

limited number of substances, ®Xirin^the 

the blue solutions formed by dissolving the alkali melals in Ihc 

In complete ignorance of the work of their piede^ssois at the 
time their experiments were made, Cady- and Frankl.n and 
Kraus took up the study of liquid ammonia with reference to its 
power as a solvent. Relieved by the commercial manu actiirers oi 
liquid ammonia from the necessity of preparing their solvent by the 
tedious method of Gore these investigators were able to study the 
behavior of liquid ammonia toward some 500 different substances 
under much more favorable conditions than were possible at ic 
time Gore carried on his work. 

The liquid ammonia used in making these solubility tests was 
the ordinary commercial liquid such as is furnished by the manufac - 
turers to ice-making plants. Preliminary to carrying out the tests 
a quantity of liquid ammonia was drawn from the stock steel cylin- 
der into a medium-sized Dewar tube after the manner described^ in 
detail in the appendix. The tests were then made by transferring 
to a small Dewar test tube, by means of a pipette {Of, Fig. 2), a 
few cubic centimeters of the liquid, adding a small quantity of Die 
substance under investigation and noting the extent of its solubility 
in the liquid. The general results obtained are summarized as 
follows. 

Elements, The alkali metals dissolve readily and are recovered 
unchanged when the solvent is evaporated away. Metallic sodium 
has been obtained in the form of brilliantly lustrous dodecahedra 
by the slow evaporation of a solution of the metal.’® The alkaline 
earth metals are soluble and are recovered as ainmonates of tlu^ 
composition represented by the formula, M(NH 3 )c, on evaporating 
away the solvent,’^ Metallic magnesium is very slightly soluble.'” 
Iodine, sulfur and phosphorus dissolve in liquid ammonia but at 
the same time enter into reaction with the solvent. Copper is ael<Ml 
upon by liquid ammonia in the presence of oxygen. 

Fluorides, Of the fifteen fluorides tested by Gore tluee, polas- 
sium, silver and uranium fluorides, are reported as slightly solul)l(‘. 
The remainder are insoluble. 

Chlorides. Among the chlorides which have been tested am- 


i2joannis, Compt. rend., 109, 000 flSSO); HO, 238 (1890); 112, 337, 392 
{1S91); 113, 795 (1891); 114, 585 (1892); 115, 820 (1893); 116, 1.370, 1518 
(1893); 118, 713, 1149 (1894); 119, 357 (1804). 

13 Cady, J. Phys. Chem., 1, 707 (1897). 

!•! Franklin and Kraus, Am. Cheni. J., 20, 820 (1898). 

15 Unpublished observations. 

le Kraus, J. Atn. Chem. ^oc., 30, 660 (1908). 

11 Cottrell, J. Phys. Chem., 18, 85 (1914). 
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monium chloride and beryllium chloride are very soluble, sodium 
chloride is moderately soluble, while, in general, other metallic 
chlorides are either insoluble or but slightly soluble. The chlorides 
of hariiim, strontium, calcium, zinc, manganese, cobalt, nickel, leaa 
and silver, when added to liquid ammonia, react with the solvent. 
Considerable heat is generated as evidenced by the boiling ot tne 
solvent, the salts at the same time undergoing a sort ot slaking 
nrocess. The compact particles of the salt swell up and disinte- 
o-rate, forming bulky masses, which in some cases are sumcient y 
soluble gradually to become crystalline. The product formed when 
calcium chloride was used was found to have the composition rep- 
resented by the formula CaCU.SNH,. Others of these chlorides are 
well known to form ammonia addition x)roducts. 



Fig. 2 


Pnmulr.s. The meiallic bromides are wilhont e.vceptioii dislnid ly 
nu.re soluble than the chlorides. Of Ihe limited number testiul 
manganese bromide, ferrous bromide and lerric bromide aie inmti 

/oi/h/e. .Most of the melallie iodides are more or less s.diible. 
rpi.e iodides of aluminum, silver, lead, mercury and bismuth are ex- 

lr(‘ni(‘lv solublo. i i i • i 

OThlr. and II i/dm.rlda.. The metallic oxides and hydroxides , 

in muieral iiisiduhle, though ordinary tused sodium li.ybo.xide and 
polassium hydroxide are sullicieiilly soluble to imparl an alkaline 

'"'t^ including ammonium sulfate, are quite 


insoluble. 

Hiilfiles. The sultites are in general insoluhle. 
Sulfides. Aiiimouium sulfide is readily soluble. 


The sulfides of 




^ 9 , 


TEE NITROGEN SYSTEM OF COMPOUNDS 


the alkali metals are but slightly soluble The 

are soluble. Other metallic sulfides so far tested aie msolublt. 

Certain polysulfides are very soluble. 

Nitrates and Nitrites. The nitrates in general are soluble as are 

also such nitrites as have been tested. 

Garhomtes. The carbonates, including ammonium carbonate, are 

insoluble. , ^ , j. i - 

Phosphates. The orthophosphates, pyrophosphates and mctapnos- 
phates are insoluble. Ammonium hypophosphite is moderately 
soluble. 

Arse 7 iates a^id Antimoyiates, Ammonium arsenate, eopijer ar- 
senate and potassium pyroantimonate are insoluble. 

Cyanides, Tbe cyanides of the alkali metals, of mercury, silvcn* 
and' zinc are soluble. Certain of the double cyanides, such as po- 
tassium argenticyanide are soluble j others, such as the ieiiocyanide 
and ferricyanide of potassium, are insoluble. 

Gyanates and Thiocyanates. Potassium cyanate and silver cyanalc 
are moderately soluble. The thiocyanates tested are extremely 
soluble. 

Hydrocarbons. The paraffine hydrocarbons are practically in- 
soluble at — 33°- Hexane and ammonia in a sealed tube at 20° are 
mutually soluble to a slight extent. The aromatic hydrocarbons 
are somewhat soluble. Benzene, which is distinctly soluble at — 33°, 
dissolves freely at 20°. The terpenes are practically insoluble. 

Alkyl and Aryl Halides. The halogen substitution products of 
methane and ethane are all readily soluble. Derivatives of the 
higher hydrocarbons are slightly soluble. Chlorbenzene and p-chlor- 
toluene are slightly soluble. 

Alcohols and Phenols. Methyl and ethyl alcohol, the propyl al- 
cohols, the butyl alcohols and ordinary amyl alcohol are miscible 
with liquid ammonia. Cetyl alcohol is insoluble. The only two 
aromatic alcohols tested, namely benzyl alcohol and cinnamic ab'o- 
hol, are miscible with ammonia. Ethylene glycol and glycerol ar(‘ 
miscible, erythritol, dulcitol and mannitol are slightly soluhhc 
Phenol, the cresols, all three dihydroxyhenzeiies and pyrogallol <lis 
solve abundantly. 

Ethers. Diethyl ether is miscibh^ with ammonia al 20 , diamyl 
ether is slightly soluble, anisole and phenetole are miscihl(‘, Ixmzyl 
ethyl ether is slightly soluble. 

Aldehydes and Ketones. Many aldehydes and keloin^s, aroma (ic 
as well as aliphatic, are very solubl(‘. Ahhdiydes rtand with (h(‘ 
solvent. 

Carboxylic Ackls^ Acid Amides and Acid Auiidiues. Acidic acid 
is moderately soluble, valeric acid is slighlly soluhh*, sOmidi* acid is 
practically insoluble at — 33°, but is dislinctly solubles a,l 20", ami 
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very soluble at 40°, while benzoic acid and the toluic acids dissolve 
freely. The dicarboxylic acids are insoluble. Acetamide and benz- 
amide are abundantly soluble, palmitamide is distinctly soluble. 
Propionamidine and benzamidine, the only acid amidines which have 
been tested, are very soluble. 

Esters, The esters in general are soluble. For example, ethyl 
carbonate, ethyl nitrate, ethyl acetate, phenyl acetate, methyl ben- 
zoate and ethyl tartrate are miscible with liquid ammonia. Ethyl 
caprylate and ethyl pelargonate are but slightly soluble. Many 
esters more or less rapidly undergo ammonolytic decomposition in 
solution in liquid ammonia. 

NitrileSy Isomtriles, Thiocya/nates and Isocyanates. Acetonitrile 
and propionitrile mix with ammonia in all proportions, palmito- 
nitrile is slightly soluble, succinonitrile and o-toluonitrile are mod- 
erately soluble. Methyl and ethyl isocyanides, ethyl isocyanate, 
ethyl thiocyanate and ethyl isothiocyanate dissolve in all pro- 
portions. 

Amines. With liquid ammonia at 20°, 0° and — 33°, methylamine, 
dimethylamine, tri methylamine, ethylamine, diethylamine, normal 
propylamine and isoamylamine are miscible in all proportions while 
tri-n-i)ropylamine diisoamylamine and triisoamylamine form two 
layers. Triethylamine and diisopropylamine are miscible with 
liquid ammonia at 20° and form two layers at 0°. Hexylamine is 
miscible at 20° and forms two layers at — 33°. 

Nitro Compounds. Nitro derivatives of the hydrocarbons, aro- 
matic as well as aliphatic, are soluble, some of them abundantly so. 

Siilfonic Acids. The aromatic sulfonic acids are generally soluble 
as well as are also many of their metallic salts. 

Iletcrocyclie Compounds. Certain heterocyclic compounds, such 
as pyridine, quinoline, indole, pyrrole, imidazole and thiophene, dis- 
solve abundantly in Ii(inid ammonia. Others, for example, isoquino- 
line and letrazole, dissolve sparingly. 



CHAPTER II. 


REACTIONS IN LIQUID AMMONIA. 

Reactions take place in liquid ammonia solutions with all the 
facility which characterizes the more familiar reactions in n-at<M'. 
Here we shall concern ourselves with certain metathetic reaclion.s 
between salts and with the action of ammonium salts on mol a Is, 
metallic hydroxides, oxides, amides, iniides and nitrides, leaviii};' 
other important reactions to be discussed in various conne(dions 
later. 

Reactions Between Salts. A consideration of the remai-kabh! 
manner in which liquid ammonia resembles water led Franklin and 
Kraus ^ to inquire whether ordinary metathetic reactions may (ala^ 
place in the former solvent as they do in the latter. As a niattcn- 
of fact, they found this to be the case though the reactions in liciuid 
ammonia by no means always run parallel to those in water nor is 
the \ariety of reactions between salts in liquid ammonia nearlv so 
great as in water. None of the familiar reactions involving tlu* 
precipitation of sulfates, carbonates, phosphates and oxalates are 
possible in liquid ammonia solution for the simple reason tlial no 
salts of these acids are soluble in this solvent. 

Most metallic chlorides are insoluble or but slighlly soliibh' in 
liquid ammonia. Accordingly it was found that the.' addition of 
a solution of sodium chloride to a solution of calcium nitrate .>iv(‘s 
calcium chloride, L'NaOl + Oa(NO.,)., = Dadl + 
jAaNO, and that the chlorides of barium, strontiuin, magnesium, 
/me cadmium, manganese, cobalt and nickel are obtained as pre- 
solution of the respective nitrates either so 
dium chloride or ammonium chloride is added. The chlorides of 

semTn“mr somewhat solid.hs 

separete as crystalline precipitates from solutions which are not tmi 

-Vmmonium bromide precipitates bromides of Ihe alkalim' earlli 

ma nesui n and zinc higher concentrations are necessarv The b.-,. 
ih liom rather Inghly concentrated solutions. 

iFraiikiiii and Kraus, Am. Ghem. J., 21, 1 (JSD.O) 

24 ’ 
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Ammonium iodide precipitates the slightly soluble iodides of cal- 
cium, strontium, barium and cadmium from solutions of the nitrates 
of these metals. 

Ammonium chromate and ammonium borate, which are slightly 
soluble in liquid ammonia, give precipitates when added to solu- 
tions of the above-enumerated metallic nitrates. 

The reactions brought about by the addition of hydrogen sulfide 
(ammonium sulfide) to solutions of a number of metallic salts are 
of particular interest. Colorless metallic sulfides are precipitated 
when the precipitant is added to solutions of the nitrates of calcium, 
strontium, barium, magnesium, zinc, manganese, nickel and cad- 
mium. The precipitate formed by adding ammonium sulfide to 
cupric nitrate is yellowish brown, the cobalt precipitate is pink, 
wliile the salts of lead, silver, mercury and l)ismnth give black 
precipitates. Excepting the magnesium compound, which has the 
(‘()m})()sition, in which x is either 9 or 10, 

the composition of these precipitates is unknown, though doubtless 
the lead, silver, mercury and bismuth precipitates are the familiar 
sulfides. 

These nietatlietic reactions were carried out in a purely qualitative way in 
vacuum- jacketed beakers open to the atmosphere. For exam[)le, a precipitate of 
ainmonated caleinm ehloridi' is o])tained wlien a solution of ammonium chloride 
is transfc'Tia'd froin a- vacuum- jacketcal bc'aker A (Fi<j:. 2, j). 21), by imauis of a 
j)il)(‘tte li to a H(‘cond l)ca.k(‘r O containing a solution of calcium nitrate. 

,I^ls])(H*ia,Ily interesting is the formation of a precipitate of barium bromide 
when a. li(jui(l ammonia solution of silv(‘r bromide is added to a solution of barium 
nitrafv. '\']w (Mpiation, Ibi Ur, -|- 2AgNO, == 2AgBr + Ibi ( NO., ) ., read from bd’t 
to right,, r(‘pr(‘S('nts wliat talu's plaee in water solution. The naiction represent(‘d 
l)y t,li(‘ same (M|uat,ion read from right to left takes place in licpiid ammonia. A 
pr<‘cipit at (‘ of arnmonatc'd barium bromide s(‘})aratcs from solutions which arc not 
too dilut(‘. 

d’his reaction has liccn carried out quantitatively in a two-lcggcd reaction tube 



Fig. 3 
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containing liquid ammonia solutions of barium nitrate and silver bromide in t] 
respective legs. When solution is poured from F into G, or from G into F, a pr 
cipitate of barium bromide is formed. Analysis of the precipitate showed it i 
have the composition represented by the formula, BaBro.SNHg. In a sirnih 
manner a precipitate of barium iodide is formed when liquid ammonia solutioi 
of silver iodide and barium nitrate or barium thiocyanate are brought togethe 
A saturated solution of silver chloride gives with a saturated solution of bariu] 
nitrate a slight precipitate of barium chloride. 

The Action of Ammonium Salts as Acids. Ammonium salts i: 
liquid ammonia solution attack many metals and react with meta] 
lie hydroxides and oxides in a manner closely resembling the actioi 
of acids in water solution excepting that the reactions in li(iui( 
ammonia are much more sluggish than are those in water. 

When hydrogen chloride is dissolved in water a solution is forme( 
which shows the properties of a strong acid, since in accordaina 
with the electrolytic dissociation theory of Arrhenius the acid h 
highly ionized as represented by the equation, HCl^H-*- + Cl", ir 
which equilibrium is displaced far to the right. On the other hanc 
in liquid ammonia solution hydrogen chloride is present in the foim 
of its ammonium salt which is dissociated into ammonium ions and 
chlorine ions. It is reasonable to assume that the solution of hydro- 
chloric acid in water and in liquid ammonia respectively results in 
fundamentally analogous equilibria. One may therefore write the 
equations, 

HCl + H ,0 ;i± OH3CI ^ OH3- + Gi- 

ll 

H.O 


HCl + NH3 -NH.Cl NH,- + Gi- 

ll 

NH3 — 

to represent the equilibria in water and liquid ammonia solid ioi 
ot hydrochloric acid and say that the hydrogen ion concentration i 
greater in the former solvent than in the latter, or rather nerlmii 
since according to Br^nsted^ the hydrogen-ion (proton) conceniri 
tion in both solutions is too utterly small to be of any kinelic si< 
niflcance, one may say that the escaping tendency of the protir 
from the oxonuim ion is greater than it is from tl.e ammonium ioi 
Action on Metals. Divers " found many years ago tliat iiotm 
Slum, sodium, magnesium, zinc and cadmium dissolve in tlie higlil. 
-Breasted, Vhem. Rci\, 5 240 
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concentrated solution of ammonium nitrate formed by the deliques- 
cenee of tlie salt in contact with dry ammonia gas at 0°.^ 

According to Divers the solution of these metals takes place with 
the reduction of a portion of the ammonium nitrate to ammonium 
nitrite and, excepting in the case of magnesium, without the evolu- 
tion of hydrogen. 

Franklin and Kraus, ^ observed that potassium, sodium and cal- 
cium in liquid ammonia solution react with ammonium salts, me- 
tallic sodium with ammonium chloride, for example, in accordance 
with the equation, Na -f KH^Cl = NaCl + H -f NH3, to form so- 
dium chloride and liydrogen. 

According to Browne and Houlehan® ammonium azide in liquid 
ammonia solution reacts readily with lithium, potassium, sodium, 
calcium and magnesium to form the respective metallic azides, LiN^, 
KN.j, NaN.j, OaN^i.xNHy and MgNg.xNHg, together, in each case, with 
the evolution of approximately equivalent amounts of hydrogen. 
They observed furthermore that zinc is slowly attacked by the am- 
monium azide solution; aluminum and tin, however, not at all. 

Franklin," prepared the amnionated salts represented by the for- 
mulas, ^Ig(N();;)o.GNIl3 and MgTo.GNH^, by the action of liquid am- 
monia. solutions ot ammoiiiuin nitrate and ammonium iodide re- 
spectively oil metallic magnesium. Whether or not ammonium ni- 
trile is also formed by the action of metallic magnesium on am- 
monium jiili'ale was not determined. 

Davis, Olmslead and Lundstroin ® report that liquid ammonia 
solutions of amiiionium nitrate and of ammonium thiocyanate at- 
1a('k iron and steel with considerable rapidity. 

( )l)S(‘rval ions by Bergstrom^ on the action of liquid ammonia 
solulioiis of ammonium salts on metals may be summarized as fol- 
lows : 

AnialgamaliMl aluniiiium dissolves readily in solutions of am- 
monium nil rale. Melallii* manganese is converted into the am- 
mouatml bi'omidi^ Mu I>r..l)NlT.., by the action of aninioiiiuin bro- 
mide and is ralluM' rapidly attacked by ammonium nitrate and by 
ammonium ('yauid(‘, very slowly by tin* slightly soluble ammonium 
cbromaU^ Laullianuui and cerium dissolve in ammonium iodide 
solutions to form the readily soluble iodides of the respei'tive for- 
mulas, Lar.j.xNir.j and CeX.-xAIf^. A siiaringly soluble amnionated 

-I Tlui vapor ])r(',ssurt‘ of tliis solution — containing about 76 per cent ammonium 
nitrat(' and 24 per ('cnt ammonia,- -which came later to be known as Divers’ 
li(|ni<l- is dbO mm. at 0°. 

Franklin and Kraus, A in. Clicni. f/., 23, dOd (11)00). 

<> nrovvn(‘ and tloulclmn, d. Am. Chon. .(Soc., 33, 1742 (1011). 

7 Franklin, J. Aw. OJion. Soc., 35, 1454 (1013). 

8 Davis, OInist(‘a(l and Lumlstrom, J. Am, Chon. Boc., 43, loS.’) (1021). 

» Ih'rgstrom, d. Pli.yfi. (Jhcm., 29, 160 (1025); d. Aw. Clunn, Boc., 50, 057 
(102S). 
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cerium bromide, CeBrg.xNHg, is obtained by tbe action of ammonium 
bromide solution on metallic cerium, a slightly soluble cadmium 
nitrate hexammonate, 0d(]S^03)2-6NE[3, by the action of ammonium 
nitrate solution on metallic cadmium. Ammonated salts of the foi'^ 
miilas, Fe(]Si03)2.6NH3, FeBro.6NH3, and (NHj2Fe(ON)3.3NH3, ai*e 
formed by the slow action of ammojiuin nitrate, ammonium bro- 
mide and ammonium cyanide respectively on metallic iron. These 
three salts are but slightly soluble in liquid ammonia. Ammonium 
nitrate reacts very slowly with metallic cobalt with the result that 
a pinkish-red solution, presumably of cobalt nitrate, is formed. A 
slightly soluble nickel nitrate hexammonate, Ni(N03*)2-^^NfT3, is ob- 
tained by the action of ammonium nitrate solution on metal li(! 
nickel. Metallic beryllium dissolves in liquid ammonia solutions of 
the chloride, bromide, iodide, azide, cyanide and thiocyanate of am- 
monium with the evolution of hydrogen and the formation, j)r(»- 
sumably, of the beryllium salts of the respective acids. Tlui solu- 
tions of the normal salts thus formed dissolve further amounts of 
metallic beryllium to form basic salts. {Cf. p. 27.) 

It has been shown that at elevated temperatures ammonium 
chloride attacks copper, silver, nickel and iron much more rai)idly 
than does dry or even moist hydrochloric acid. 

Action on Metallic Hydroxides and Oxides. Divers show(‘d 
that the hydroxides of sodium and potassium and the oxides of cal- 
cium, magnesium, zinc, cadmium, lead, copper and mercury dissolv(* 
rather freely in Divers’ liquid which, it will be recallcMl, is a highly 
concentrated solution of ammonium nitrate in liquid ammonia. 

It has frequently been observed in this laboratory that nu^lallic 
hydroxides and oxides, which are practically insoluble in Ii(|ni(l 
ammonia, dissolve readily in solutions of ammonium salts. 1'li(‘ 
action of ammonium chloride solution on sodium hy(lroxid(‘, for 
example, has been carried out in the following man mu*. 


The one leg of the familiar reaction tube (Fig. 3, p. :>;)) (.<),»Uu,is a, tVw i.iocos 
of sodium hydroxide covered with liquid ammonia containing a inim,t(‘ amount 
of phenolphthalein, the other a solution of ammonium chloride. A.s Iuih Ixmmi 
stated, the aquo base is almost entirely insoluble. None the less it is .sudicieni Iv 
soluble 1.2 to give the characteristic red color to the plienoli>htlml<‘in solulio,', 

1 " quantity of the ammonium el.lori.le solutinn i„(o (l„. lirst 

ifichK Wirt 1 V discharged. Soon, however, an.l i„„r,. 

chlortrle snW^ ^'***^"’ f r-^a-ppeai-.s. Again upon adding ummoniiim 

2 S all trsnd- ' 'Vith the addition of e.veess of ammoniun, 

cilonde all the sodium hydro.vide goes into solution as sodium chloride. 'I'lie 

nia'uftys^^criuy'r.'' ^ 

(irtnivers, Proc. Ito,,. Hoc. (Loudon.), 21, 10!) (IST.i); />/„7. '/Vums., 163, :i(i,S 
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reaction involved takes place in accordance with the equation, NaOH -j- ^H^Cl = 
NaCl -j- HoO -[- NH;,, and is identical in principle with the reaction involved in 
the interaction of hydrochloric acid and sodium hydroxide in water solution. Re- 
moving the solution from the reaction tube, evaporating away the solvent and 
gently igniting the residue to drive oil* water and excess of ammonium chloride, 
a quantity of sodium chloride equivalent to the sodium hydroxide used is ob- 

tained.i3 

Eveu in water solution the acid properties of ammonium salts 
are occasionally in evidence, as for example in the well-known cases 
of the solubility of metallic zinc and magnesium and of certain me- 
tallic oxides, hydroxides and carbonates in aqueous solutions of 
ammonium salts. Ammonium chloride in solution in water func- 
tions as an acid in the so-called dry cell. Especially interesting in 
this connection, as will be discussed in detail in a subsequent chap- 
ter, is the conversion of. the mercury ammonium compounds into 
normal mercuric salts by the action of ammonium salts in aqueous 
solution. [Cf. Chapter ix.) 

Action on Metallic Amides, Imides and Nitrides. Ammonium 
salts in liquid ammonia solution react with metallic amides, imides 
and nitrides, hlxamples of such reactions are represented by the 
e(piations, 

1 . NIhNOa + Kmi, = KNOa + 2NH3 4. NH4NO3 + AgNE^ = AgNOa + 2NH3 

2. NIbNa + KNH. = KNa + 2NHa "). 2NHJ + PbEH = PbTa + 3 NH 3 

3. N1 bCl + KNHa m KCl + 2NHa 6. 3NHJ + BiN = Bila + 4 XH 3 

Th(i r(‘aciatits as well as the reaction ])roducts formulated in equa- 
tions 1 and 2 are soluble in liquid ammonia, rotassium chloride, 
b(‘ing slight ly soluble, a])pears as a inncipitale when potassium 
ami(I(‘ is mai ( raliz(‘(l hy the action of ammonium chloride, equa- 
tion 2). Silver ami(I(‘, lead imid(^ and bismuth nitride, which are in- 
soIubl<‘, go into solution as silv(*r nitrat(‘, lead iodide^ and bismuth 
iodid(^ r(‘S|)(M*(iv(‘ly as r(*pr(\s(‘ntcd by tli(‘ toiirth, linii and sixth 
(‘(juat ions. 

Unpublislu'd ()bs(‘rvati()nH. 

r*-'- 
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CHAPTEE III. 

THE EITEOGEN SYSTEM OF BASES, ACIDS AND SALTS. 


The ordinary oxygen bases, acid and salts, the basic oxides am 
the acid anhydrides may be looked upon as derivatives of water oi 
in the words of Thales of Miletus, as water variou.sly inel:aiuoi 
phosed. Thus it is reasonable to say that a derivative of water ii 
obtained when potassium hydroxide is formed by the action of me 
tallic potassium on water, that a divalent calcium atom takes tlu 
place of one atom of hydrogen in each of two molecules of watei 
when calcium acts on water to form calcium hydroxide, that watcu 
becomes hypochlorous acid when one of the hydrogen atoms of tin 
mother substance is replaced by unipositive or hypochlorous acid 
chlorine. The molecule of nitric acid may be regarded as a mol(‘ciilc 
of water in which one of the hydrogen atoms is replaced by IIk' 
NO2 group, or it may be said to be made up of three molecuies of 
water in which five of the six hydrogen atoms are rc'placed by penta- 
positive or nitric acid nitrogen. 

When both hydrogen atoms in water are replaced by metal atoms 
a basic oxide results, when replaced by non-metals or acid-form iu"- 
groups an acid anhydride is formed. An example of the foniK'r is 
potassium oxide, two examples of the latter ai'e bypoclilorous an'- 
aydnde, Cl-O-Cl, and nitrogen pentoxide, OoN-O-NO.,. 

^ derivatives of water in wliicli 
part of the hydrogen is replaced by a metal or a base-forming oroao 
while the place of the other portion is occupied by an acid-fonnii,..- 
element or radical. Thus a molecule of potassium bypocblorit;, 
K-O-OI, may be regarded as a molecule of water the om* Indro 

the h .^®/®Pl^ced by a base-forming potassium atom 

the other by an acid-formmg hypochlorous acid chlorine atom- • 
molecule of potassium nitrate, K-O-NO,, as a molecnh> of ^^■aier 
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at once to inquire whether ammonia may be regarded as the parent 
substance from which the many known nitrogen compounds are 
analogously derived. 

On the assumption that this close resemblance between water 
and liquid ammonia extends to their respective derivatives it fol- 
lows that the metallic amides and imides, which are related to am- 
monia as the metallic hydroxides are related to water, may be re- 
garded as bases of the nitrogen system while the metalic nitrides 
are basic nitrides corresponding to the basic oxides of the oxygen 
system. The amides of the electronegative or acid-forming elements, 
together with their partially deammonated products are acids of 
the nitrogen system, while the final deammonation products, the 
acid nitrides, are the nitrogen analogs of the acid anhydrides. 

Examples of oxygen bases, acids and salts, basic oxides and acid 
anhydrides together with their nitrogen analogs are given in 
Table 5. 

Table 5. — Comparison Between Oxygen Bases, Acids and Salts^ 

Basic Oxides and Acid Anhydrides with Their Nitrogen Analogs. 


Metallic Hydroxides and Metallic Amides, Imides and 


Oxides 


Nitrides 

Lithium hydroxide 

LiOH 

Lithium amide . . . 

LiNH^ 



Lithium imide .... 

Li,NH 

Lithium oxide 


Lithium nitride . . . 

LieN 

Calcium liydroxide 

. . .Ca(OH), 

Calcium amide . . . 

. ..Ca(NH,), 



Calcium imide . . . . 

.... [CaNH] 

( -alcium oxide 

CaO 

Calcium nitride . . . 

Ca.N. 

11yd r on s aluminum 


A m m 0 n ou s aluminum 

oxide 

.AL,0.,.xnoO 

nitride 

. . .AlN.xNH, 

Aluminum oxide . . 

ALX).. 

Aluminum nitride 

AIN 

Silver hydroxide . . . 

. • • [AgOII] 

Silver amide 

AgNH. 


Silver imide 

- . . [Ag,NH] 

Silver oxide 

Ag.O 

Silver nitride 

[Ag,N] 

L(‘ad hydroxide . . . 

. . .1M)(0H), 

Lead amide 

. [i*i)(Nri„)„i 



Lead imide 

PbNH 

L(‘ad oxide 

PbO 

Lead nitride 

.... [Pb-.N./I 

Aliivcuric hydroxide . 

.[iig(on),] 

Mercuric amide , . . 

(HgiNH,),) 



IMercuric imide . . . 

. . . . ( ITgNH ) 

Mercuri(' oxide . , . . 

iiso 

Mercuric nitride . . 



Acids and Acid Oxides 

Acids and Acid 

Nitrides 

Ortho carbonic acid 

..((HO),C) 

Carbon tetramide 

..[(n,N),c] 

(hirbonic acid 

((HO), CO) 

Guanidine 

(H.N).C-NH 


> 

Cyanamide 

.H.NCN 



Dicyanimide 

. ..HN(CN)j 
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Carbon dioxide CO^ 

Nitric acid HONOo 

Nitrons acid (HONOf 

Ortbopbospboric 

acid (H0)3P0 

Metapbospboric acid . . .HOPOg 

Pbospboric anbydride PoO^ 

Hjpocblorons acid HOCl 

Chlorine oxide CUO 

Acetic acid CH3COOH 


Acetic anhydride ..(CH3C0)20 


Carbonic nitride (CgNJ^ 

Hvdrazoic acid HN=N:N 

Triazene (HN=N-NH2) 

Pbospboric nitride- 

amide (H2N)2PN 

Pbospbam HNPN 

Pbospboric nitride P3N5 

Monocbloramine H2NOI 

Dicbloramine HNOI2 

Chlorine nitride OI3N 

Acetamidine . . .CH3C(NH)NH2 
Acetonitrile CH3CN 


Salts 

Monopotassinm car- 
bonate HKCO. 

Dipotassium carbonate ..K2COJ 
Potassium nitrate KNO, 


Salts 

Dipotassium 

guanidine K2H3CN3 

Monopotassinm 

cvanamide KHCNg 

Dipotassium cyanamide .KgCNg 
Potassium dicyanimide ..KOgNg 

Potassium azide KNNg 

Potassium acetamid- 
ine CH3C(NH)NHK 


Potassium acetate . . .OH.COOK 


Foruiulas in brackets represent unknown compounds, those in parentheses compounds 
known in the form of derivatives only. 


Proceeding now on the assumption that the formal analogies thus 
developed are real it follows that as the metallic hydroxides react 
with acids to form salts so one would expect to tiiid their nitrogen 
analogs capable of entering into reactions in a closely similar man- 
ner. As a matter of fact many such reactions have been observed 
by the writer and his students. For example, just as potassium 
hydroxide and carbonic acid interact in water solution to form po- 
tassium carbonate and water, 2 KOH + H.GOg = KoCOy -f 2H2O, 
so, in liquid ammonia solution, potassium amide acts on cyanamide 
in accordance with the equation, 2KNH2 + HgON., = K.dJN., -|- 
2NH3, to form potassium cyanamide and ammonia. In the one case 
a base, an acid and a salt of the oxygen system are involved, in the 
other a base, an acid and a salt of the nitrogen system. 

Potassium amide, cyanamide and monopotassinm cyanamide^ 
form electrically conducting solutions when dissolved in liquid am- 
monia just as is familiarly known to be the case with water solu- 
tions of potassium hydroxide, carbonic acid and potassium car- 
bonate. 

Bases, acids and salts of the nitrogen system, again of course in 

1 Dipotassiiim cyanamide is insoluble in liquid ammonia. 
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solution in liquid ammonia, bring about the same reciprocal color 
changes of indicators which are so well known to characterize the 
action of bases and acids in water solution. 

Following is a description of a striking experiment illustrative of this state- 
ment. A liquid ammonia solution of a minute amount of phenolphthalein con- 
tained in the middle branch of the three-legged reaction tube shown in Figure 4, 



is quite as colorless as a neutral aqueous solution of the same indicator. A 
single drop of a dilute solution of potassium amide poured over from one of 
the side branches into the phenolphthalein solution develops instantly the red 
color characteristic of aqueous alkaline solutions of phenolphthalein. Addition 
of dicyanimide solution from the second side tube discharges the color quite as 
sharply as does an ordinary acid in water solution. Kqiii valent quantities of po- 
tassium amide and dicyanimide react to form the potassium salt, KC 2 N 3 , which 
crystallizes from the properly concentrated and cooled solutions. Using triphenyl- 
methane instead of i)]ienolphihalein as indicator in this exi)eriinent the operator 
has in his hands a system in which no compounds of oxygen are ])resent. 

hlctallic amides, imides and nitrides are preeipitated from li(]nid 
ammonia solutions ol certain nudallii* salts by tlic aeliou ot ])otafe’ 
siiim amide just as nielallie hydroxides and oxides are ])reeipilated 
from water solutions by the action of potassium liydroxide. Exam- 
pl(‘s of sueli ]'(‘a(*tions are given in Table (>. 


Tahi.k 0 . — Action of on 


In Liquid Aininonia 
AnNO., -1 KNir.^ " A^^NH^ + KNO., 

Vh\., 1 liKNlL r:r: 1>1)NI1 + Nil, -f ^KI 
.-aiMh i axNii^ = HgjN, + 4Nir, -h OKI 
nil, 1 - : 5 KNII^ ^ UiN -t- OKI + ^NII, 
NaNO, d- KNII, “ NiiNll.^ KNa\ 
P>u(NO,).^ -h 2KNIbj = BalNIip., -f 2KNO,j 
OdMNO, + OKNlh = T1,N + ;>KNO, -f ONU, 


111 WatOL- 

2A.i;-NO„ d- 2KOn = A,i:,0 d- 2KNO, -h II..0 
lM)(NO,).j d- 2KOn “ l‘b(0[I), d- 2KNO3 
d- OKOII = IIg-0 d- OKCl d- IhO 
liUNop, d' 0>KOII ~ Bi{OU), d- :'.KN03 


Clearly the action of potiiKsinm amide on metallic salts in liquid 
ammonia solution resembles in a very striking way the familial’ 



31 THE XITHOGEX SYETEJI OF COMPOUNDS 

action of potassium hydroxide on the same salts in water solution. 

Finally just as certain amphoteric metallic hydroxides disso ve in 
an excess of potassium hydroxide in water solution so many nie a 
lie amides and iniides react with potassium amide in liquid am 
monia solution, zinc amide and lead imide for example, as repie 
sented by the equations, 

Zn(NH2)2 + 2KNH2 = Zn(NHK)2 + 2NH3 
PbNH + KNH. = PbNK + NH 3 . 

The reactions represented by these equations closely resemble those 
involved in the action of aqueous potassium hydroxide on the hy- 
droxides of zinc and lead. Many similar reactions have been stud- 
ied. (C/. Chapter YIL) 

Excepting the oxides of nitrogen, which because of the donii- 
natingly negative character of oxygen, must he counted as members 
of the oxygen system, all other compounds of nitrogen - may be 
looked upon as derivatives of ammonia and as such to constitute an 
ammonia or nitrogen system of compounds. We shall learn the lull 
significance of this general statement as we proceed. 

2 In view of tlie fact that fluorine is the most powerfully negative of all the 
elements Huff’s compounds, TaN, FaXH, and FISTH^, are to be regarded as be- 
longing to a fluorine or hydrogen fluoride system of compounds. [Of. Franklin, 
J, Am. Chem. 80 c., 46, 2137 (1924).] 



CHAPTER IV. 


\ NOMENCLATURE. 

Before proceeding to a detailed discussion of the bases, acids and 
salts and other classes of compounds belonging to the nitrogen sys- 
tem it is .desirable to outline a system of nomenclature by means 
of which we may indicate clearly and concisely by suitable names 
the compounds concerned and the reactions in which they take part. 

Ammono Bases, Ammono Acids and Ammono Salts. Since the 
bases, acids and salts of the nitrogen system may be regarded as 
derivatives of ammonia it becomes reasonable to adopt the prefix 
ammono for use in distinguishing these compounds from their oxy- 
gen analogs. Accordingly potassium amide, KNHo, calcium amide, 
Ca(NHo)2, lithium imide, LiaNH, and aluminum amide-imide, 
Al(NH)NHo, are ammono bases, cyanamide, H^NCN, is an ammono 
carbonic acid, calcium cyanamide, CaNCN is an ammonocarbonate 
of calcium, acetamidine, CHoC(NH)Nno, is an ammono acetic acid 
and the compound represented by the formula C^H^C (NH)NHK, is 
a potassium ammonobenzoate. 

Aquo Bases, Aquo Acids and Aquo Salts. When it becomes nec- 
essary to distinguish by name between the bases, acids and salts of 
the oxygen and nitrogen systems we shall speak of members of the 
former system as aipio bases, aquo acids and a<iuo salts. Potassium 
hydroxide for example will sometimes he referred to as an aquo 
hase,^ nitric acid as aquo nitric acid and potassium nitrate as po- 
tassium aqiionitrate. The formulas, CcH,.,COOII and C,jTT/tOOK, 
represent res[)ecti vely an aquo benzoic acid and a potassium aquo- 
benzoate. 

Aquo-Ammono Acids, Aquo-Ammono Salts. AW* sliall find that 
th(*re are many a(‘ids and salts known which must he looked upon 
as l)(*longing at tin* same time to both the oxygen and nitrogen sys- 
l(*nis. Such niix(‘d acids and salts will be called a(iuo-amniono acids 
and a<pio-aniniono salts resp(*ct iv(‘ly. Acetamide, a tautomeric com- 
pound which may be represent (*d by either of the formulas, CH..- 
(U)Nir. or (dl .P ( Nil) on, is an example of an aquo-ammono acetic 
acid. The potassium d(*rivative of acetamide is a potassium aquo- 
ammono-acetate to which any one of the formulas, CTT.CONHK, 

^ No iiainofl ar(‘ in use wliieli iiuliiuito tliat tlie metallic! hydroxides arc* bases. 
Since potassium hydroxide* and potassium amide are both bases we shall scmie- 
times call the tirst i)otassiuni aquo base, the second potassium ammono base. 
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OH3C(OH)NK or CH3C(0E)NH, may be given or perhaps ever 
rather the formula, CH3CON(HK), which represents neither th( 
hydrogen nor the potassium as attached directly to either the oxy 
gen or the nitrogen. Cyanic acid, OC=NH, NC-OH, and urea 
H^N-CO-jSTHa, are aquo-ammono carbonic acids. Mtramide, to which 
any one of the formulas, HN^NO-OH or NiN(OH)2, may 

be ascribed, is an aquo-ammono nitric acid. Amido sulfuric acid, 
HjN-SOo-OH, and sulfamide, H^N-SOa-NH,, are a<iuo-ammono sub 
furic acids. 

Only one compound, so-called Millon’s base, IIg=N-nj^’-0IT.xn^>0, 
is known which may be looked upon as a mixed aciuo-ammoiio bas(‘ 
and even this product is probably a mixture and not a delinite com- 
pound. (Chapter IX.) 

Thio Acids, Aquo-Thio Acids, Ammono-Thio Acids and Aquo- 
ammono-Thio Acids. The formulas, (1) C(SH).i, (2) SO(Sir)., 
(3) SO(SH)OH;=±OC(SH)., (4) SC (OH) ;=± 00(811)011, (5) 
SG(SH)XH,^HNC(SH)., (6) HNCS — HSCN, (7) 
HXC(SH)NH2, (8) SC(OH)NH, — 0C(SH)XH2 — IIXC(SH)On, 
represent carbonic acids, known in the free >state or in the form of 
salts or esters, which may be named as follows, (1) and (2) thio 
carbonic acids, (3) and (4) aquo-thio carbonic acids, (5), (6) and 
(7) thio-ammono carbonic acids and (8) an aquo-thio-ammono car- 
bonic acid. 

The two acids represented by the formulas, CH3CSOTI CIT;.- 
OOSH and CHgCSSH, known as thio acetic acid and dithio acetic 
acid are respectively an aquo-thio acetic acid and a thio acetic acid. 
Thioacetamide, CH3CSNHo;=^CH3C(NH)SH, is a thio-ammono 
acetic acid. 

Basic Nitrides and Acid Anammonides. As the oxides of the 
more positive metals are frequently referred to as basic oxides so 
the nitrides of such metals may be called basic nitrides and as tin? 
oxides of the non-metals are known as acid oxides, or more gcuna*- 
ally as acid anhydrides, so we shall call the analogous non-me(a!lic 
nitrides either acid nitrides or acid anammonides. Thus lilliium 
nitride, LigN, calcium nitride, CagN.,, and cuprous nitride, CUgX, 
for example, are basic nitrides, wdiile carbonic nitride, and 

phosphoric nitride, P3N3, chlorine nitride, ClgX, and acetonii,riI(% 
CHgCX, are acid anammonides. 

Ammonobasic Salts and Aquobasic Salts. Just as many saKs 
are partially hydrolized by the action of water to form basic sails 
so analogous basic products are formed when certain salts are 
treated with liquid ammonia. The former as derivatives of^ water 
may be called aquobasic salts, the latter as derivatives of ammonia 
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are ammonobasic salts. Formulas for a number of basic salts are 
the following : 

H.N-Hg-01, HO-Pb-Cl, H.N-Pb-NH-Pb-NOs, H0“Pb-N03, 
(HoN-Ca) o^-CN, (HO-Ca) .N-CN.GH^O. 

The first represents an ammonobasic mercuric chloride; the second, 
an aquobasic lead chloride; the third, an ammonobasic lead aquo- 
nitrate; the fourth, an aquobasic lead aquonitrate; the fifth, an am- 
monobasic calcium ammonocarbonate, and the sixth an aquobasic 
calcium ammonocarbonate. All these formulas excepting the fifth 
represent known compounds. 

Many of the known mercury nitrogen compounds, among them 
the chloride of Millon^s base, HO-Hg-NH-Hg-Cl, or H.N-Hg-O-Hg-01, 
are to be regarded as salts which are basic at the same time to 
water and ammonia. They may be designated as aquobasic aminono- 
basic salts. (0/. Chapter XII.) 

Acid Ammono Salts. Two sodium salts of cyanamide of the for- 
mulas, NaHNCX and NUoNCN, are known the first of which is an 
acid ammonocarbonate, the second a neutral or normal ammono- 
carbonate. Many salts of ammono and aquo-ammono acids are 
known which are acid salts. Sodium acetamidine, CH 3 C(NH)- 
NHNa, for example, is an acid sodium ammono-acetate, sodium 
acetamide, OHyCONIINa, is an acid sodium aquo-animono-acetate. 
It is interesting to note that these compounds may be looked upon, 
I'oianally at least, as basic salts. 

Ammono Alcohols and Ammono Ethers. The mono-alkylamines 
and the dialky la mimes, since tliey are nitrogen analogs of the alco- 
hols, are to he regarded as ammono alcohols, the trialkylamines as 
analogs of (he eduo's are ammono ethers. Methylamine and di- 
methylamine arc^ ammono methyl alcohols. Trimelhylamine is an 
ammono melhyl ether. 

Ammono Esters. Fslers of ammono aeads are known in large 
variedy. ]MetJiylcyanamid(% ( d I..N I K.W, diimd hylryanamide, (<dl.,).- 
NCN, and trii)henylguanidine, ( NlKd^^ll j o, for example, are 

ammono carbonic arid esters, methylrarhylamine, CII 3 XC, is a 
methyl ammonocarhonile, phenylhenzaniieline, (.\.IIj^C (Nil) Nil 0^11-, 
N“N'-diphenylbenzainidiiie, Nil(_\;ll., N-N-di[)hen\i- 

])enzamidine, C,.irdJ ( Nil ) NC'uJ^ir. N*’ 1 riphenylbenzamidiiie, 

C(jlIr,C(NCJTJN ((tilljo, are phenyl ammonohenzoates, ethylchlor- 
amine, OoII^NIlCI, diethylcliloramine, (CJIJ.NCl, and etliyldichlor- 
amiiie, (JolIr,N=CL, are ethyl ammonohypoehlorites. The formulas, 
PLNlOaHr,) J 3 and Si(NnOon 5 )i, represent respectively a hexaetliyl 
ammouophosphite and a tetraethyl ammonosilicate. Three examples 
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of ester-salts are represented by the formulas, Cny(Ag*)NCN, II J 
G{'NK)N{C,-E,)o^ and CH3C(NC,.Ii,)NKC,H,. The first eompovu 
is a silver methyl ammonocarbonate, the second a potassium dielli 
ammonocarbonate, the third a potassium dipiienyl ammouoju 
tate. 

Aquo-Ammono Esters. Alkyl and aryl derivatives of (lie acpi 
ammono acids are to be regarded as aquo-ammono esters. The tv 
methylureas of the formulas, CH30“C(NH)NH2 and HoN-Oi 
NHCHg, are respectively an 0 -methyl and an N-methyl aqu 
ammono-carbonate. The compound of the formula, 

NHK, is a potassium phenyl aquo-ammono-carbonate. The formul 
CH3C0-N(T1)C6H5, represents a compound which is at the san 
time a thallous salt and a phenyl ester of an aquo-ammono acet 
acid. 

Ammono Aldehydes. Accurately speaking niirogen analogs 
the aquo aldehydes are theoretically impossible. Ai)})roximal(‘ an 
logs of aquo benzaldehyde, for example, are benzylideiKomin 
CqH^CH^NH, benzylidenephenylimine, C,; 11 A 11 I-N( \,n., and liydr 
benzamide, (C6H5CH)3N2. We shall call the first compound ji 
ammono benzaldeliyde-alcohol, the second an ammono beiizaldeliyd 
ether, the third an ammono benzaldehyde-acetal. 

Carbazylic Acids. The acid amidines are the nitrogen analogs < 
the carboxylic acids and as such might reasonably be called amnioi 
carboxylic acids. It seems preferable however to adopt the desi, 
nation given above. Three examples of carbazylic acids are formani 
dine, HC(NH)NH2, acetamidine, CH3C(NH)NIi2, and beuzamidiii 
0 qH50(NH)NHo, which are respectively an ammono formic acid, a 
ammono acetic acid and an ammono Ijenzoic acid. 

Carboxazylic Acids. As has been explained above a(‘(dainid(‘ is < 
be looked upon as a mixed aquo-ammono ac(di(.* acid. I»(mzamid(‘ 
an aqiio-aniniono benzoic acid. ()xamid(i is an a(pio-ammono oxali 
acid. The carboxylic acid amides constitute a group of compomic 
to which we shall fre<iuently refer as carboxazylic acids. \\'(‘ nia 
furthermore include the ('arboxylic acids, tln^ cai'bazyli<* acids an 
the carboxazylic acids under the general designal ion of carbyli 
acids. 

Ammonates, Ammonia of Crystallization. A giaad many con 
pounds are known wliich are related to ammonia as th(‘ ordinar 
hydrated salts, or salts containing water of crystallization, avo r( 
lated to water. Clearly such compounds may appropidalcdy b(‘ calb* 
ammonates just as the analogous salt-water coinponnds ar<‘ fr( 
quently called hydrates, or they may be referred to (dt lun' as aninn 
nated salts, or as salts with ainmonia of crystallization. For <‘> 
ample, the formula, CaCU.SNHg, represents a co.mpound wlii(‘h ina, 
be described as calcium chloride containing eight molecnhvs of an 
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monia of crystallization or it may be said to be octammonated cal- 
cium chloride. 

Ammonation, Deammonation. When a basic oxide, an acid oxide 
or a salt takes up water the process involved is usually referred to 
as hydnyion. Inversely the loss of water from an aquo base, an 
aquo acid, a hydrated salt or even from a compound containing 
water in an indefinite state of combination is spoken of as dehydra- 
tion. The analogous processes involving the taking up and losing 
ammonia may be conveniently designated as ammonation and de- 
aminonation respectively. When it becomes necessary to speak of 
ammonia-free salts in contradistinction to salts containing am- 
monia, whether adsorbed or as ammonia of crystallization, it will 
be convenient to speak of such ammonia-free products as deammo- 
nated salts or anammonous salts just as one speaks of dehydrated 
salts or anhydrous salts. 

Ammonolysis. Many reactions are known to take place in liquid 
ammonia solution which are strictly analogous to the ordinary hy- 
drolytic reactions brought about by the action of water. Such re- 
actions may be suitably designated as ammonolytic, the ])rocesses 
involved as ammonolysis. Three examples of such ammonolytic re- 
actions take place in accordance with the eiiualions, KNO.^ + 
2Nir, = KNN, + 311,0, CH.COOn + 2NH. 1 = OH ,0(NH)Nn, + 
211,0 and (CVUrJoNON + NH, = (CJI,),N1I -f IT,N(^N, which rep- 
i-esent (he ammonolysis res[)ectively of potassium aiiuonitrate to po- 
tassium arnmonouitrate (<•/. (3iai>ter XW , ]). 142) of acetic acid to 
its iiiii-ogeii analog known as acetami<lin(‘ ( c/. (Miapter XXVIII, p. 
2()2 ) and of a di(dhyl ammonocai'bonati^ to an ainmono (‘arbonic acid 
and an ammono (dliyl alcohol. (Of. (Miapter X, ]). 97.) 

Nitridation. IMany metals when heated in an atmosidiere of ni- 
ti'og(‘u ar(‘ (‘on verted into nitrides. When sodium azide is added to 
fus(Ml sodium cyanid(‘ disodium cyanamid(‘ is formed. (Of- Chapter 
XII, p. i:>0.) M(‘lhylamine wlnm warmed in rnpiid ammonia solu- 
tion with ammonium azide yi(dds guani<line. (Of. (Iiaptcu* XX\", 
]). 229.) Iodine acts on Ixmzylamine in liipiid ammonia solution to 
form Ixmzamidiiuv ( O/. ('ha])t(‘r XXV, ]>. 229. ) 

In vi(‘w of the close analogy between these reactions and the oxi- 
dation o( metals to metallic oxides, of sodiiiin cyanide to sodium 
cyanalt^, of nudhyl alcohol to carbon dioxide and of benzyl alcohol 
to benzoic acid we of this laboratory have adopted the practise of 
sjx^akiiig of nitridation when, as in the above examples, nitrogen 
plays a ])art analagous to that of oxygen in ordinary oxidation re- 
actions. The reagents Avhich bring about nitridation reactions may 
fittingly be called nitridizing agents. 

Augmentation (Augmention) and Reduction. ^Tn all cliemis- 
try there is no concept which is more fundamental than this one of 
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reduction and oxidation. Under tlie name of plilogi.slication am: 
depMogistication such processes were reeogniziid cwcm before Ihc 
discovery of oxygen, and this mode of classifying plmnomena lia^ 
ever since been regarded as one of the greatest iililily. ’ “ 

In its earliest connotation oxidation meant simiOy union widi 
oxygen while the inverse process of removing oxygvn from an oxide 
Tv^as called reduction. These respective terms >soon came (o ineludt 
processes involving the removal of hydrogen and union widi Ijydro 
gen and finally to apply to a large variety of rc^aclions in which 
oxygen and hydrogen take no part whatever. Thus for (example 
when ferrous chloride is converted into ferric chloride by (he action 
of chlorine the former salt is said to undergo oxidation (o iho lat- 
ter while inversely the removal of chforine from f(U'ric chloride to 
form ferrous chloride or metallic iron, independenl ly ol (,1 k‘ nutans 
whereby such removal is accomplished, is said to involve reduclion; 
and when as products of the electrolysis of fiisial sodium chlorid(‘ 
elementary chlorine and metallic sodium are forimal at lh(‘ anode; 
and the cathode respectively it is said that oxidaiion tak<‘s ])lace at 
the one electrode and reduction at the oliier. Using the; l(U'm in 
the broad sense even nitrogen when it uniles wilh imdals (o form 
metallic nitrides or with hydrogen to form ammonia may b(‘ said 
to function as an oxidizing agent. 

Shifting our point of view for the monumt from dial of ih(‘ oxy- 
gen chemist, so to speak, to that of tli(‘ nilrogtai (‘lumiisl i(, apjxsirs 
at once that the term iiitridation us(‘d in a broad s(uis(‘ Ikm-oiik^s a 
synonym of oxidation. Our nitrog(m clumiisl says lhal, hydrog(Mi 
undergoes nitridation when ammonia is forimMl by (h(‘ inl(U‘acl,ion 
of nitrogen and hydrogen, that lilhium wluui buriUMl in an aimos- 
phere of nitrogen is nitridized lo lilhium uilrid<; and (hat m(dalli(‘ 
sodium and carbon are known to umhu'go nilridalion (o Form di 
sodium cyanamide when heated t()g(;ther in conlaet, wilh nilrogiui. 
Using the term in a broader s(ms(; he says I ha t tin; conviu-sion of a 
ferrous salt into a ferric salt inv()lv(‘s nilridalion b(‘ llu^ IraiisFor- 
mation accomplished by nitric acid, hydrazoic acid, clilorin<‘, oxyg(‘n 
or any other reagent effective to this end. lb; says FurtlHuanoiv^ l liat 
a nitridation reaction takes place wluai in li(piid ammonia solulion 
methylamine, an ammono methyl alcohol, is conv(U“l(Ml inlo (‘yanam- 
ide or guanidine by the action of hydrazoic acid or of iodi’m^ and 
that the action at the anode during el(;ctrolysis involv(‘s nilridalion 
and this whether the electrolyte is in the fuscal slab; or in solulion 
in water or in liquid ammonia. Finally, furllu^r gmuu'alizing the 
term, he says that the burning of lithium and of hydrogxm in oxyg(‘n 
consists in the nitridation respectively of lithiuni lo lithium dxide 

2 G. N. Lewis, ^^alence and the Structure of Atoms and MoIcm'uIcs,” A n?. Cfion. 
Soc. Monograph, hTew York, Chemical C’atalog Co., Inc., 1923 , {). (k). 
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and of hydrogen to water. It will be clear from these considera- 
tions that oxidation and nitridation become synonymous terms with 
the result that whether one speaks of oxidation or nitridation in 
the broad sense depends upon one's point of view. 

Having added the word nitridation to our vocabulary we find our- 
selves seriously handicapped when attempts are made to discuss oxi- 
dation reactions using the term now in its specific sense and then 
in its broader meaning. 

Emphasizing the confusion arising from the generalization of the 
term oxidation to include the many reactions in which oxygen takes 
no part, Cady and Taft ® proposed the abandonment of oxidation 
and reduction as used in the broad sense and the substitution of 
deelectronation and electronation in their stead.^ 

The application of Cady and Taft's terminology to the electrolysis 
of fused sodium chloride, for example, is at once simple and clear. 
The action at the anode consists in the removal of an electron 
(delectronation in the strict significance of the word) from the 
chlorine ion thereby forming a free chlorine atom which, uniting 
with a second delectronized chlorine ion, escapes as elementary 
chlorine while the reducing action at the cathode consists in forc- 
ing the sodium ion to accept an electron with the result that me- 
tallic sodium is formed. The sodium ion is electronized. 

So also the cliloridation of ferrous chloride to ferric chloride and 
])erhaps the oxidation ot‘ hydrogen to form water and the nitrida- 
tion of hydrogen to ammonia may be said to involve electron 
transfers. 

In oilier cas(‘s how(‘ver, such for (^xample as the oxidation of 
iiudhyl alcohol to formaldehyde, formic acid and carbonic acid, com- 
jilete transfer of (d(‘ctrons certainly does not tak<^ ])lace. 

In ord(u* to avoid th(‘ theoretical implications attaching to the 
terms (‘h^ctronal ion and delectronation and the confusion arising 
from the use of oxidation and nitridation wlnm underslood in the 
broad sens(‘ we have chosen, for the purposes of this monograph, to 
use oxidation and nitridation (*ach in its sixHutlc sense and to adojit 
the words augnuuit and augmentation (augment ion) instead of oxi- 
diz(i and oxidation as us<‘d in the broad gcmeraL scuise. Augmenta- 
lion is a lamsonable antonym of i-ediiction. The word is free from 
lh(M)r(d/ical impruaitions and is euphonically unobjectionable. The 
only burden laid upon the reader by our use of these terms will be 

3 C^iidy and Taft, J. Phijs. Ohcm., 29, 1057 (1025) ; i^civncc, 67, 403 (1020). 

4 Ca,dy and Taft’s word dcHdcetronation was modified to deUHdronation by Kirk 
and Browne [J. Am. Vhvm. *Sor., 50, 337 (1028)]. With the abov'e quotation 
from I.ewis in mind and observing that at this late day tiu‘ use of tlie words 
would carry no theoretical implications it would he reasonabh* and, were the 
words themselves not so awkward, perhaps desirahle, to revive the terms phlogis- 
tieation and dophlogistication. 
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to remember when he encounters the words augment and anginenl; 
tion that they are used to mean oxidize and oxidation in I lie I'l 
miliar general sense. 

Augmentation of Methane. Assuming that all bonds betwee: 
unlike atoms are more or less polarized it follows lliat mol bane ina 

H 

be represented by the formula, H : C : H, in which the pa irs of eb'c 


H 

trons constituting the bonds are displaced towai'd Ibe carbon a ton 
and away from the hydrogen atoms as a result of (be bigbcr iK'ga, 
tivity of carbon as compared with hydrogen.® 

It may be said that although shared by hydrogmi (be eigbl; (d<‘c 
trons are dominated by the carbon atom, that the cai-bon io hydro 
pn bond is somewhat polar and that therefore the carbon atom is 
in a reduced state in respect to the hydrogen atoms and (bal con- 
versely the hydrogen atoms are in a corresponding slali' of am--- 
mentation.® 

Since oxygen, nitrogen and chlorine, in the order namml, arc 
pow'erful electrophiles while the electron aftinity of carbon is i-cla- 
tively weak it is reasonable to say wdien an hydroxyl gi'onp, an 
amino group or a chlorine atom takes the place of one of (be hydro- 
gen atoms in the methane molecule" that the electron pair consli- 
tuting the bond is shifted away from the carbon (o soiik' unknown 
extent short of ionization ® thereby augmenting the nndbam' c:.rbon 
atom to the states in which it exists in methyl alcohol, mclb vlamim. 
and methyl chloride respectively. The electron dis|)laccnicnls (bus 
assumed may be represented by the f<»rmulas, 11 ,('; II, II (' on 


- 

“ 

K 

amine has not been obtained hv S’; + i<h oxidaiion. iMidhy!- 

that the •” ‘ 

a.ethytan.i„e and probably slightly loss in methyfe^lo^ldo thur^^t^^ 
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ligC rNHo and H 3 C :C1, the first formula indicating that in me- 
thane the carbon atom is negative in respect to hydrogen, the other 
three that it is positive when in combination with oxygen, nitrogen 
or chlorine. The extent to which these displacements take place is 
of course ignored here though Sidgwick ® gives the formula, 

+ 0C4 

H 

i 4 - 0.01 

H 0 O H 

4-0.04 I -0.44 4-0.31 

H 

+ 0.04 

to represent the residual charges between the constituent atoms in 
methyl alcohol. 

In a similar manner methyl alcohol, methylamine and methyl 
(‘liloride may be represented as undergoing augmentation, methyl 
alcohol, oxidation finally to carbon dioxide, methylamine, nitrida- 
lioii to an ammono carbonic acid and methyl chloride, chloridation 
to carbon tetrachloride. 

Plus and Minus Signs. Since the formulas, CH 3 *-OH, 
and (TI+-CT, are quite the equivalents of the above provided one 
r(‘ads the small ])lus and minus signs * as implying shifts of electron 
pairs together with concomitant polarity and since moreover the 
use of such signs will be much more convenient than would be a 
scheme of r(q)res(‘nting polarity (augmentation-reduction) by means 
of colons placed nearer the negative atom of a more or less q)olar 
union conqiound we shall from time to time make use of the above and 
oIIkm' similar form alas, examples of which are formaldehyde Il 3 (k= 0 , 

formica acid IK'! ^., 1 ^ carhon dioxide 0= :(':=<), dimethvlamiue 011+ 
OH ’ " 

-Nil 4 '11.^, ethyruleimine 011,011: -NFI, formamidine HO! 

“INrioj 

cyauiiiiiidc jr,,N-'('lEN;=i IIN;:(::;Nn, nitric acid hydra- 

zoi(' acid 1IN-:N:EN, niti'ous acid, HO- *N: O, triazene (ammono ni- 

Sidgwick, “The Covalent Link in Chemistry/’ Cornell University Press, 1933, 
j). inC). 

10 ()l)S(‘r\ing that Siitglitz iirst suggested that plus and minus signs be used to 
rt'prestMit t‘ven the slighit'st displacement of the electron pair from the symmetri- 
cal position, Porter l/CMolecuhir Kearraiigements,” American Chemical Society 
Monograjth, Nt^w York, (Chemical Catalog Co., Inc., 1928, p. 171 has made use 
of such formulas in his discussion of the molecular rearrangement of acetbrom- 
a,mide and similar compounds. 

Th(‘ small plus and minus sij>:ns printtal here and elsewhere through the text are 
out of proportion. JOither tin' minus signs should be smaller or the plus signs larger. 
The author and tlie pul)lislier ask the indulgence of the reader as he reads these 
formulas. 
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frous acid) -X: hvpocliloroiis acid HO-*CL and cliloram- 
ineH.X-CL 

Tlie small plus-minus signs will serve the purpose of representing 
polar covalent bonds which is to saj of indicating which of any 
tv^o atoms held together by a covalent iond is augmented (oxidized, 
nitridized, delectronized) with respect to the other and of telling 
something perhaps of such things as that methyl chloride, for ex- 
ample, reacts with potassium hydroxide to form methyl alcohol and 
potassium chloride and never by any chance to form methane and 
potassium hypochlorite or potassium ine^yl and hypochlorous acid. 

In onr later discussions we shall from time to time use these plus 
minus signs to represent such distinctly polar unions as those which 
the strongly negative oxygen, nitrogen and chlorine and the strongly 
positive sodium, potassium and magnesium metals form with carbon, 
never for such bonds as those of carbon to carbon, and occasionally 
only to represent a hydrogen to carbon bond. The point that these 
signs are not to be read as representing complete electron transfers 
or ionization is especially emphasized. On occasion ionization 
bonds will be represented in the familiar manner with the plus and 
minus signs printed above and to the right of the respective ions, 
Xa^ C 1 -. 


The colon and double colon will sometimes be used as in the 
formulas, CH3:Ni:0 for lutrometliane, ^ , for 

azoxj benzene, H -^-.q for one of the tautomeric forms of nitrous 
acid, C3H5 : 80,011 for benzenesulfonic acid, HoN : NHj for hydra- 
zine, for an unknown diimide (azo comfjounds), 

and HN- y for Jiydrazoic acid regarded respectively as a cyclic ni- 


trons acid hydrazide and as an amiiiono liyponitrous acid, and 
. H or n.X::0 lor hydroxylamine, to represent nonpolar 
bonds or bonds concerning the polarity of which no opinion is ex- 
pressed. 

• to ^‘^ome of the above formulas may be raised and espe- 

cially,^ for example, to those written for nitric acid and its deriva- 
m-es in that these compounds are represented as containing pen- 
tauilent nitrogen. However, even assuming the impossibility of 
pentacovalent nitrogen, it may still be maintained that the nitiwen 
a Pi-opet- enough sense, pentapositive valent. 
Ta\o toimulas uhich have been assigned to nitric acid are, 

tiaYly'pokr.'"'"-'''' 329 (1927)] calls such bonds poten- 



IsOMEIJCLATVRE 


45 


: 0 : : 6 :- 

H : 0 : N* and H : 0 : N: . Tlie formula, HO- ^ which as we 
: 0 :- : 0 :- 

fehall endeavor to show differs in no essential respect from the pre- 
ceding two, has been adopted for occasional use in this monograph. 

The first formula represents the nitrogen atom in nitric acid as 
pentavalent provided one defines the valence of nitrogen as the 
arithmetical sum of its four covalences and the one bond repre- 
sented by the plus and minus signs. Or stated in another way the 
penta valence of the nitrogen atom is made up of three covalences 
and one of Sidgwick’s coordinate covalences or Lowry’s semi- 
polar double bond. In still other words it may be said that the 
nitrogen atom in this formula is tetracovalent unielectrovalent. 
The second formula, which may perhaps be regarded as differing 
from the first in no essential way, represents the nitrogen atom as 
tricovalent dielectrovalent. 

Assuming now that the mean positions of the electron pairs 
shared by the nitrogen atom with the oxygen atoms are displaced 
or in some wise constrained toward the highly negative oxygen 
atoms and away from the nitrogen atom we arrive at a picture of 
the nitric acid molecule represented by the third formula above in 
which all three oxygen atoms are indicated as more or less negative 
in respect to the nitrogen atom. The nitrogen atom in nitric acid 
is pentapositive, in a reasonable enough sense pentapositive valent. 
In the language of \V. A. Noyes, already referred to (]). 14) the 
nitrogen atom is potentially ])entapositive, the oxygen atoms poten- 
tially dinegative. 

Of the several formulas for hydrazoic acid which have been pro- 
posed on the assiini[)tion that the acid is a straight chain compound, 

ir:N::N::N:, seems most satisfactorv. In this formula the 
middle nitrogen atom is represented as tetracovalent unipositive, 
th(‘ right-hand atom as dicovalent uninegative, the left-hand one 
(‘it her as 1ri('ovalent or as dicovalent uniimgative depiuiding upon 
whether one considers the hydrogen atom as covalently attached to 
the nitrog(m atom or to exist as an ion. 

AVith the above discussion of the formulas for nitric acid in mind 
it will be ck^ar that the formula, HN=:N:EN, for hydrazoic acid dif- 
fers in no fundamental way from the preceding one provided that 
it be assumed that the middle nitrogen atom is [)entapositive in ve- 

12 Aticording to Langmuir [J. Am. Chcni. Hoc., 41, 020 (191!))] covalence de- 
iiolem tlie number of pairs of electrons wliieli an atom shares with its neighl)ors. 

■OfSidgwiek, “The hdeetron Theory of \Tdenee,” Cornell University Press, 1927, 

p. 00. 
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spect to the other two and that of the three plus-minus signs at tlie 
right-hand end of the formula two be read as representing polarized 
covalent bonds and that the third bond^ call it what we may, re- 
sults from the contribution on the part of the middle nitrogen atom 
of three of the four electrons constituting the dicovaleiit linkage. 

It is reasonable enough to say that the nitrogen atom in nilric 
acid is pentapositive as a result of the powerful electron allinity ol 
oxygen in displacing the shared electrons away from the nitrogen 
atom and into the nearer neighborhood of the oxygen atoms. V\ by 
however the middle nitrogen atom in hydrazoic acid should be penta- 
positive is not clear. Even so, very definite justification for <h(‘ view 
that such is the case appears when the experimental tact is re(*alled 
that potassium azide is formed by the ammonolysis of potassium 
nitrate. (Of. Chapter XIV, p. 142.) Representing th(‘ redaction 

involved by the equation, KO- -NLq + 2NH3 = KN= *N: rN 

it would seem to follow that the nitric acid nitrogen present in po- 
tassium nitrate persists as such in its ammonolytic product. 

Two important papers upon the constitution of hydrazoic acid 
have been published since this chapter was written. 

Considerations similar to those used in the discussion of niiri(! 
acid may be taken to justify our proposed use of the respective for- 
mulas, H0-N:-0, HO-N:::NH;z± 0=:N-NH2 and EL.N-'Ei-mj, for 
aquo nitrous acid, an aquo-ammono nitrous acid and an ammono 
nitrous acid. 

Finally we bring this chapter on nomenclature to a close by 
stating that in the succeeding chapters we shall for the most pari 
make use of the classical formulas of the organic chemist in I re- 
ducing plus and minus signs, colons and double colons only wIkmi 
it is deemed that clarity in the discussion of certain read ions will 
be thei-eby enhanced. 



CHAPTER V. 

AUGMENTATION AND REDUCTION IN LIQUID AMMONIA. 


In this chapter are given examples of augmentation and reduc- 
tion reactions which have been observed to take place in liquid am- 
monia solution. 

Nitridizing Agents. Hydrazoic acid, iodamiiie ^ and certain 
heavy metal amides, iinides and nitrides have been observed to enter 
into reactions in a manner eloselj^ resembling those which take place 
when their respective oxygen analogs, nitric acid, bypoiodous acid 
and the heavy metal hydroxides and oxides act as oxidizing agents. 
The following examples will bring out clearly the striking resem- 
blances between the action of the former compounds, which we pro- 
pose to designate as nitridizing agents, and the oxidizing action of 
the more familiar oxidizing agents. 

1 . The nitridizing action of hydrazoic acid is discussed in some 
detail in later chapters. (0/. Chapters XIV and XXV.) 

2. Hydrazobenzene is converted into azobenzene, in water by the 
action of mercuric oxide, in liquid ammonia by the action of mer- 
curic nitride.^ 

The reactions in the respective solvents take place in accordance 
with the equations, 

0,H,NH : NHO,H, + HgO = CeH,N : : + Hg + H,0 

3C,H,NII : NHCJi, + = 3CeH,N: : + 3Hg + 2 NH 3 . 

The water chemist, so to speak, would be inclined to read the first 
ecpialioii as re[)resenting the oxidation, the ammonia chemist to 
read the second eipiation as representing the nitridatiou of hydrazo- 
beiizene to azobeiizeiie even in face of the fact that neither in the 
one case does the oxygen of the mercuric oxide nor in the other the 
nitrogen of the menmric nitride have anything to do with the re- 
aclions involved. It would be better to say that dipositive mercury 
in undergoing reduction augments (delectronizes) the hydrazine ni- 
trogen to azo nitrogen. It is clear that the hydrazo group in pass- 

1 Arbitrarily assumed to be present in liquid ammonia solutions of iodine. 

Scliurman and Fernelius, J. Am. Ghem. Soc., 52, 2425 (1930). Fenielius re- 
ports (private communication) that cuprous nitride, silver amide, thallous ni- 
tride, bismuth nitride, lead imide and sulfur nitride bring about the augmenta- 
tion of hydrazobenzene to azobenzene. 
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mg to the azo group loses two electrons along with the two hydro- 
gen atoms. 

3. By the augmenting action of iodine hydrazobenzene, in liquid 
ammonia solution, is dehydrogenated as represented by the equa- 
tion, OeH 5 NH:NHCeH 5 + 2 I = CcH 5 N::NCeH, + 2 III, to form 
azobenzene.® 

4. Bergstrom ^ found that potassium ammonostannite is nitridized 
to potassium ammonostannate when, in liquid ammonia solution in 
the presence of potassium amide, it is subjected to the action of 
iodine. The reactions involved take place as represented by the equa- 
tion, SnNK + 21 + 3 KNH 2 = Sn (NK) ^ -f 2KI + 2 NH 3 . Clearly 
stannous tin is augmented to stannic tin while concomitantly iodine 
is reduced to hydriodic acid iodine. 

Electrolytic Nitridation. 1. In a paper entitled ^^The Electro- 
lytic Nitridation of Various Anodes in a Solution of Ammonium 
Trinitride,” Browne, Holmes and King® give an account of the 
electrolytic action of liquid ammonia solutions of liydrazoic acid on 
anodes of copper, silver, cadmium, aluminum, lead, antimony, ij'on 
and nickel. Although none of the electrolytic products was ana- 
lyzed quantitatively it w^as nevertheless definitely shown tliat, ex- 
cepting in the case of aluminum, the resi)ective metallic azides were 
formed by the delectronizing action at the anode. 

2. Turrentine and Moore ^ found tliat metallic azides are formed 
when a water solution of sodium azide is electrolyzed using metallic 
anodes and said that the action at the anode consists in the nitrida- 
tion of the metals to their respective trinitrides. The reaction at a 
silver anode for example, consists sinq)ly in the delectromition of 
metallic silver to silver ions which in the preseiu'e of azide ions 
separate from solution as insoluble silver azide. 

3. Cady and Taft ^ report that metallic thallium is deposited on 
the cathode and that tliallic iodide appears in soluiion wh<m a 
liquid ammonia solution of thallous iodide is subjected to elecl roly- 
sis between platinum electrodes and that azobenzene is fornuHl wlnui 
electricity is passed through a liquid aininonia soluiion containing 
hydrazobenzene. Unipositive thallium is augmented lo lriposiliv(‘ 
thallium at the anode and reduced to the melallie slaie a( lh(i 
cathode. Hydrazobenzene is dehydrogenated to azolnm/xme by th(‘ 
augmenting action at the anode. 

4. Fulton and Bergstrom « have shown that just as (‘arhon diox- 

3 Schurman and Ferneliiis, J. Am. Chcm. Soc.^ 52, 2425 (11)50). 

4 Bergstrom, J. Am. (^hcm. 32, 440 (1028). ’ 

5 Browne, Holmes and King, J. A.m. Chcm. 80 c., 41 , 1700 (1010). 

G Turrentine and Moore, J. A^n. Chcm. 8 uc., 34, 575 (1012); Turri'iitiiK' J. A m.. 
Chcm. 80 c., 33, S03 (1011). 

7 Cady and Taft, J, Phys. Chcm., 29, 1070 (102S). 
s Fulton and Bergstrom, J. Am. Chcm. 80 c., 56, 107 ( 1054). 
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ide and etliane are formed at the anode during the electrolysis of 
potassium acetate in water solution, so the electrolysis of potassium 
acetamidine (potassium ammonoacetate) in liquid ammonia solution 
yields cyanamide, which is an ammono carbonic acid, and ethane 
among the anode products. In the one case the delectronized aquo- 
acetate ion yields ethane and carbon dioxide, 2CH3COO 1= CH^- 
CH3 -f- 2CO2, in the other the delectronized ammonoacetate ion 
breaks down to form ethane and cyanamide, 2CH3C(NH)NH=i: 
CH3CH3 + 2H2NCN. 

Oxidation in Liquid Ammonia Solution. 1. Kraus and Whyte ® 
showed that an equimolecular mixture of potassium hydroxide and 
potassium amide is formed when a slow current of oxygen is x>assed 
into a cold solution of metallic potassium in liquid ammonia. The 

reactions involved take place as represented by the empirical 
+0 +N11, 

scheme, 2 K > K^O ^ KOH + KNH2, in accordance with which 

the potassium oxide formed by the oxidation of metallic potassium 
undergoes ammoiiolysis to yield potassium hydroxide and potassium 
amide. Sodium, cesium and rubidium undergo oxidation in much 
the same manner, 

2 . Kraus and Whyte found furthermore that potassium amide is 

oxidized to potassium nitrite, KNH2 + 30 = KNOo + H2O, when 
oxygen is bubbled through a liquid ammonia solution of the am- 
mono base. The water formed reacts with potassium amide with 
the result that in accordance with the equation, 2KNH2 + 30 = 
KNOo + molecule eacdi of potassium nitrite, po- 

tassium hydroxide and ammonia are obtained for each two mole- 
cules of potassium amide used. 

3 . Kengade found that cesium amide under similar treatment 
yields cesium nil rile and cesium hydroxide togetluu- with a small 
amount of c(‘siiim nitrates 

Sodium amide reads witli oxygen in much the same manner on 
exposure to the atmosiihere.^^ 

4 . White and Knight found that nitrobenzene is formed when 
a current of air is ])assed thi*ough a rnpiid ammonia solution of 
disodium plieuylhydroxylamine. It appe^ars that ])h(‘nylhydrox- 
ylamiiui is thereby oxidizcnl to nitrobenzene as rejirc'senhal empiri- 
cally by the equation, 

: ONa -f O. + Nn3 = + NaNlL -f NaOII. 

'dvrauR and W’liyte, J. Am. Chem. Hoc., 48, ITSl (liCiti) ; Joaiiiiis, Compt. rend., 
110, IdTO (ISDd). 

10 Uengade, Ann. chim. pJii/s., [8] 348 (1007). 

11- Scliradcr, Z. anorg. Chc7n., 108, 44 (1010). 

1- White and Knight, J. Am. Chem. Hoc., 45, 1785 (1023). 
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Reducing Action of the Alkali Metals in Liquid Ammonia 
Solution. A few examples of the reducing action of metallic sodium 
in liquid ammonia solution are the following. 

1. When silver iodide and metallic sodium are brought together 
in liquid ammonia solution metallic silver is precipitated while 
sodium iodide remains in solution. As represented by the equation, 
Agl + Na = Ag + Nal, the reaction consists in the augmentation 
of metallic sodium to sodium ions and the reduction of silver ions 
to metallic silver.^® 

It will be recalled that Kraus has shown that the alkali and 
alkaline earth metals exist in liquid ammonia solutions in the form 
of metallic ions and ammonated electrons, which is to say that by 
the simple act of going into solution metallic sodium is augmented 
to sodium ions. This being the case the silver iodide silver ion is 
reduced by simply combining with a free electron, Ag+ -|- = Ag. 

2. By the interaction of zinc cyanide and metallic sodium in liquid 
ammonia solution sodium cyanide and an insoluble zinc sodiuia 
compound (sodium zincide) are formed in the proportions repre- 
sented by the equation, 4Zn(CN)2 ONa NaZii^ + 8Na( 'N.^"* 
Two reactions are undoubtedly involved, the first consisiiiig in (he 
formation of sodium cyanide and metallic zinc, Zn(CN)2 + 2N'a = 
2]SraCN + Zn, the second in the formation of a sodium zinc com- 
pound Na + 4Zn = NaZn^, which separates from solution as a prac*- 
tically insoluble precipitate. 

3. Chablay^^ has shown that methyl chloride is reduced to me- 
thane when passed into a liquid ammonia solution of metallic so- 
dium and that at the same time methylaniine is formed. Tlu^ r(‘- 
ducing action involved may be represented by the e(iua(iou, 

-Cl + 2Na^ + 2e- = CH3- ^Na -f NaCl, 


in accordance with which the free electrons present in I lie sodium 
solution reduces the methyl carbon from the state in which it (‘xisis 
in methyl chloride to that in which it is present in sodium nadhyl.'- 
The sodium methyl thus formed is immediately ammonolyzed in (lie 
presence of liquid ammonia to methane and sodium amid(‘, 
OHgNa “f- The methylamine is foriiKMl as 
a product of the interaction of method chloride and sodium amid(‘, 
CH3CI + NaNH, =1 CH3NH2 + NaCL 


13 Burgess and Smoker, J. Am. Ghem. Soc., 52, 3573 (U) 3 ()). 

14 Kraus, J. Am. Chem. Soo., 44 , 1216 (1022). 

15 Burgess and Boss, J. Am. Chem. Soc., 51, 2127 (li)29). 

(1014) ; see also Lebeaii, Gonipf. rend., 140, 


i7jjranklin [J. Am. Chem. 8oc., 46, 2idY iiyz 4 )j Ja 
methyl may be regarded as a base of a methane system. 


Iiyz4)j lias suggested 


bjuib nuuiiu 
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Other alkyl halides are acted upon by metallic sodium in a simi- 
lar manner excepting that in addition to the saturated hydrocar- 
bons and amines considerable yields of unsaturated hydrocarbons 
are obtained. Thus, for example, when Chablay added ethyl iodide 
to a liquid ammonia solution of sodium yields of 75 per cent ethane, 
four per cent of ethylene together with an undetermined amount 
of ethylamine were obtained. The reactions involved are similar 
to those formulated above excepting that a portion of the ethyl 
iodide reacts with sodium amide, 

C,n,I + NaNH. C JT, + :NaI + mi,, 

to form ethylene, sodium iodide and ammonia. It will be re- 
called that sodium hydroxide acts on ethyl iodide to form ethylene, 
sodium iodide and water. 

4, l>y the action of metallic sodium in liquid ammonia solution 
(diablay accomplished the reduction of a number of acid amides 
and carboxazylic acid esters to aquo alcohols. For example acetam- 
ide was reduced to ethyl alcohol and methyl butyrate to butyl 
alcohol. 

5. White found that benzene, aniline, diphenylamine and tri- 
I)henylamiue are formed when phenyl chloride is added to an ex- 
cess of metallic sodium in liquid ammonia solution. The reduction 
of phenyl chloride to benzene presumably takes place as represented 
by the scheme, 


( '( '1 ^ C„H<. 

'' ■' -NaCI '' '* -XuNIIa '' “ 


in accoi-diuicc \\i(li which ]»heiiyl woditiiii, resulting from Ihe iiiter- 
aclidii or jilieiiyl chloi-ide and incdallic sodium, undergoes ammo- 
iiolysis lo I'orni benzene and sodium amide. The other three com- 
pounds are ju-ohahly i'ormod by (he interaction of sodinni anddo and 
plieuyl cldoride as represented liy tlie ecpiations, 

(1) -h NaNir, = + Na('], 

(l!) ('’ll''NlINa -f CJIdd = cyr.hS'HOjr, + Xa('l, 

(••5) (0„lC)„NNa + CoH/Jl == (C„nr,C,NOon, + NaCI. 

It is known that CiiHsNHNa is formed by tlie action of .sodium on 
aniliiK', (0,JI-)„NK by the action of pota.ssium on diphenylamine. 

(). Kraus' and Kawaniura '-" found that sodium chloride and the 

isCliablay, Amt. vldm., L'J] 8, ‘.tOl (1U1T)._ 

White, J. Am. Chern. 8oc., 45, 77D (1923). 

•.io Kraus and Kawamura, J. Am. Ghcm. Hoc., 45, ‘275G (l‘d2;i) ; see also Krau.s 
and Kuseii, J. Am. Chem. Hoc., 47, 2739 (1925). 
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sodium salt of triplienylmetliyl are foriiKMl wIhui < i*i[)iu‘iivline|] 
chloride and metallic sodium are hrou^iil Io^vUnm* in Ii(jni(l ii 
monia solution. The reactions iuvoIv(‘(l may l)<‘ r<^f)res(Mil(‘(I hv i 
equation, 


(CeH,)3C^-01+2Na^ + 2cr= .Xa | Nad, 


and explained as consisting in flie r(Mlii(*l ion of < ri[)Ii(‘n vlnudli 
carbon from the state in wlii(‘h it (‘xisis in < ripInMiylnuq liviCi, ](,,.} 
to that in which it is present in ( riplienylni<‘( liyl sodiuin'. In so] 
tion in liquid ammonia triphenyinndliyl sodinni and ( riplnni yhiKdli 
chloride are good conductors of (d(‘cl ricily. Trij)li<‘nylin<d |'nin<‘ is 
very poor conductor. 

7 . By the action of sodium in Ii(piid ammonia sohilion \\'|,ip» .j, 
Knight-^ accomplished the r(‘dnclion of Jii I roIxm/oiK^ and of nilr 
sobenzene to phenylliydrazine, of azoxyb(‘nz(‘in‘ <o azol)(‘nz(‘n(*, of az 
benzene to hydrazobenzene and of liydrazol)(‘nz(‘n(‘ (o aniline 

8 . On tlie basis of the rediiciiif;' ad ion of m(>iallic sodimn i 
liquid ammonia solution an excellent iTocedui-c for (he (|iiaii(i(:ili\ 
determination of the halojrcns in organic coini.oiinds lias licon (f 
veloped.-^ 

Further examples of an<?nien(a(ion and ivdndion readions lal 
in^ place in liquid uniinonia will lx* (‘iicounler<Ml as \vi‘ prociMxI 


21 White and Kniglit, ,/. Am. Ckci,. Hur., 45 chi; ( |(|.. 
22ChabIay, Ann. cliim., |!»| 1, rilO (HIM); Vliirdi-d, d 
lOol (1919) j Dahls and Brewstt'i*, J. Ain. ('Iicm. 42 
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CHAPTER YI. 

AMMONO BASES AND BASIC NITRIDES. 


The metallic amides and imides are bases of the nitrogen system. 
The metallic nitrides are the analogs of the basic oxides. 

Just as water acts on the alkali and alkaline earth metals to form 
metallic hydroxides so, excei)ting that the speeds of the reactions 
are incomparably slower, liquid ammonia acts on the same metals 
to yield the analogous metallic amides. The amides of potassium, 
rubidium and cesium are abundantly soluble in liquid ammonia, 
sodium amide is somewhat soluble, lithium amide and the alkaline 
earth amides are all but insoluble while other metallic amides and 
imides are quite insoluble. 

Insoluble metallic amides, imides and nitrides have been obtained 
by adding potassium amide in solution in Ihpiid ammonia to liquid 
ammonia solutions of metallic salts, just as in water solutions many 
metallic hydroxides and oxides are preci])itated by the action of po- 
tassium hydroxide on soluble metallic salts. With tlie exce})tion of 
the noble metals })ractically all known metals are reported to form 
nil rides. 

Potassium Amide, KNIL,. This typical aiiimono base, a caustic 
])otash of the nitrogen system and om^ of tlu^ two theoretically ])os- 
sibh^ nitrogcoi analogs of potassium hydroxide, ])otassium imide 
bcMiig unknown, was first prepared many years ago by Cay Jnissac 
and Thenard ' by luNitiiig metallic potassium in an atmosphere of 
ammonia. 

Wlum nudallic potassium is brought into contact with litpiid am- 
juonia, insteaul of laaicting vigorously with the ruiuid as it do(*s with 
wat(*r, it (piiidly dissolves to torm an intens(‘ly blu(‘ solution from 
which thc‘ imhal may he laa'ovcu'tMl by evaporating away the solvent. 
The nudal in solution reacts with the pure solvent at a rate which 
is (‘xtiaumhy slow. At ordinary temperatur(‘s tht^ couvcu'sion of a 
[(‘W centigrams of metallic potassium iu solution in liipiid ammonia 
into the medal lie amid(‘ tak(*s days or even months. The action 
of th(‘ solvemt on the metal is somewhat accelerated by sunlight and 
also by the presence of certain salts in solution. Many metals ac- 
tively catalyze the reaction between the solvent and the metal in 

1 Cay Liissac and Tluniard, /'cc/oa*. pJn/Hicocliini., 1, 337, Paris (ISll); cf. 
II. Davy, Phil. Trans., 99, 40, 450 (1801)).* 
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solution.- A relatively minute ainoiiut of platiinuii I)laek, for 
ample, or a spiral of iron wire, placed in a li(piid amnioiiia solutio 
of metallic potassium causes an immediate and fair!}' vigorous ev( 
lution of hydrogen gas with the result that a considerable <inantil; 
of the metal is converted into the amide in the conrs(^ of a few iniii 
utes. The preparations of potassium amide used in the experinienl, 
described in this and subsequent chapters of this monograpli \^'er( 
obtained in this manner. 

Potassium amide melts at 329°.^ It dissolves rapidly and a bun 
dantly in liquid ammonia, to form a solution from which, Avlien snf 
ficiently concentrated, it separates in the form of colorless leaOeh 
without ammonia of crystallization. The crystals deliquesce in eon 
tact with ammonia vapor of such a concentration as to be in equi- 
librium with liquid ammonia at laboratory temperatures. A satu- 
rated solution at — 33° contains about 45 grams of tla^ base in 
100 cc. of solution.^ In the fused state and in solution in liquid 
ammonia potassium amide is a good conductor of electricity. It 
neutralizes acids in solution in liquid ammonia to form sails, 
saponifies esters, precipitates metallic amides, imides and nilridcis 
from solutions of salts of heavy metals. In the fused state and also 
in solution in liquid ammonia it attacks certain metals, metallic 
magnesium, for example, in accordance with the eijuation. 

Mg + 2 KNH 2 = Mg(NIIK) , H,, 


to form potassium ammonomagnesiate. (Bee Chapter VII.) (hear I y 
the resemblance between potassium amide and potassium hydroxide 
is a striking one. 

^I'otassium amide is vigorously hydrolyzcal by ilui action of wabu*, 
IvNH, - 4 - Hh) K(JH -f NHy, and is rapidly oxidized on (exposure 
to the atinospliere as repixxseiited by the (Mpialion, 2KNII b :!() - 
2KN("), +2HA).*" ' 1 


Sodium Amide, NaNiP. This sodium amniono l)ase was first 
prepared by Gay Lussac and Tlnhiard by the action of ammonia, 
gas on melted sodium heated to a tempera,! ur(‘ of about 300'. I! 
may be obtained quite colorless and in a high stale of purily bv 
dissolving metallic sodium in li(iiiid ammonia and then i)lacing i'n 
the solution a spiral of iron wire which catalylically accel(*ral(‘s'^( In^ 
otherwise very sIoav reaction, Na + Nil, = NaNJt, -f H, which 
takes place betAveen the metal and the S(jlvent. The srighllv solubh^ 


2 Franklin, J. Am. Chem. Soc., 27, S30 (1905). 

2 Kraus and Cuy, J. Am. Chem. >S'oc., 45^ 712 ( 1!)23) , 
4 Franklin, Z. physih. Chc?n., 69 290 (1909) 
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amide separates from the solution well crystallized. It is also ob- 
tained as a crystalline precipitate by adding a liquid ammonia 
solution of potassium amide to a similar solution of sodium iodide, 
KNHo + Nal — NaNH. + KI, and by the action of potassium amide 
on an excess of metallic sodium in solution in liquid ammonia in 
accordance with the equation, KNH 2 + Na = NaNHg -f- K. 

Sodium amide melts at 206.4°.° It is soluble in liquid ammonia 
to the extent of 1.5 gram per liter at 20°. It is energetically hy- 
drolyzed in the presence of water to sodium hydroxide and am- 
monia. Wlien heated to temperatures around 350° it decomposes 
into metallic sodium, ammonia, nitrogen and hydrogen. Both in 
the fused state and in solution in liquid ammonia it is a conductor 
of electricity. 

Fused sodium amide dissolves metallic magnesium, zinc, molyb- 
denum and tungsten, quartz, glass, many natural silicates and a 
wide variety of other compounds.*^ Neither an imide nor a nitride 
of sodium is known. 

Lithium Amide, LiNHo, Lithium Imide, Li^NH and Lithium 
Nitride, LigN. Lithium amide® has been obtained, (1). by heating 
metallic lithium in a current of ammonia gas, (2) by the action of 
liquid ammonia on lithium in the presence of platinum black acting 
as a catalyst, (3) by adding potassium amide to a liquid ammonia 
solution of metallic lithium, Li -f KNHo = LlNHo + K, or of lith- 
ium iodide, Lil -f KNIL = LiNH.^ + KI. (^) ammonation of 

lithium nitride, Li,N + 2NI-L = 3LiNIU and (5) by warming lith- 
iiiin liydride in an atniospliei'e of aiuiuonia, 

Li [I + NIL = LiNlI, + ir,. 


W'lieu pioi'ai-od b,v reactions carried ont in liiinid ammonia S(du- 
(ion lithium amide is (ditained as a colorless, crystalline powder 
whicli melts at i’.T:! ’ to :!7.r. It is practically iiisohihle in Ikiuh 
ammonia. When heated to df.O" to intL, accordiiifi' to Hull and 
(ieor^es, ti-t)' to hKL accordin';’ to Dafert and .Mikluiiz, lithium 
amide is eonvmted into litliinm imide. Litliiiim imide aiiparently 
has not heen deaiiimonated to tin* iiitridte 

Litliinm nitride is formed when metallic litliinm is '•eiitly heated 
in an atmosphere of nitrogen.'' Even at lahoratory temperature, 
according to Deslamlri's, nitrogen is ahsorbed by metallic lithium. 

<iKraiLs juid Cuy, J. Am. (Hicm. Hoc., 45, " 1 

7 PxMMrslrotn Sind Feriudius, ('hem. Jicv., 12, 10 ( ^ ■ i 

Monatsh., 31, '.'81 (I'JIO) ; 33, ('>3 (1!'1’2) ; Fraaklm, J. I hys. Chem., 23. 49 ( 91J). 

Deslaiidres, Conipt. rend., 121,^886 (18i)oj. 

10 GuTitz, Gompt. rend., 123, (1896). 
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According to Dafert and Miklaiiz, litliinm nitride melts at 840° to 
845° and at 870° rapidly attacks iron, nickel, copper, platinnm, 
magnesia, porcelain and other silicates. 

Rubidium Amide, RbNHa, and Cesium Amide, CsNHo. Both 
these amides have been formed from the respective metals follow- 
ing procedures already described in connection with the discussion 
of the amides of potassium and sodium. 

Ammonous Cuprous Nitride, CUgN.xNHg and Cuprous Nitride, 
CugN.^^ The bulky, amorphous precipitates formed by the action 
of potassium hydroxide on solutions of heavy metal salts, generally 
looked upon as metallic hydroxides, are illuminatingly discussed by 
Weiser as hydrous oxides.^^ 

Just as many of these hydrous oxides when subjected to drying 
processes lose water continuously without forming definite com- 
pounds short of the metallic oxides, so certain likewise bulky, 
amorphous precipitates formed by the action of potassium amide on 
metal salts in liquid ammonia solution show an entirely similar b(^- 
havior. From considerations of analogy such products may be 
called ammonous nitrides. 

When potassium amide is added to a liquid ammonia solulion oT 
cupric nitrate a dark green precipitate is formed and at the same 
time nitrogen is set free in the ratio of one atom of nitrogen to 
three molecules of cupric nitrate used. 

On standing for some time in contact with the supernatant solu- 
tion the color of the precipitate changes to brick red. Dried, that 
is to say freed from ammonia, in vacuum at laboratory temperature 
the precipitate takes on a dark brown color and has then roughly 
the composition of cuprous imide. AVhen a high vacuum is main- 
tained over this precipitate slow evolution of ammonia conruuu^s 
for a long time but apparently ceases short ot the formation of 
cuprous nitride- At 160° cuprous nitride is formed. 

The following observations show that pure ammonous cu])rous 
nitride is a colorless substance and that the color of the ])rodu(*is 
described above is due to the presence of small admixture of cu])rie 
copper. 


When the colored precipitate formed by adding potassium amide to a solulioii 
of cupric nitrate is dissolved in ammonium nitrate, that is to say in a, li(jui(l 
ammonia solution of nitric acid, the pale blue color of tlie solution oblaiiu'd 
shows the presence of small amounts of cupric coi)per. Wlum on tin* otlu'r hand 


iiTitherley, J. Chem. 71, 469 (1S9T); }^loissan, (U)tnpt. rvnd 136 bST 
lli< (1903); Paiff and Geisel, 39, 828 ( 1906); FraidUiii, r/oom, 2Z 

4b (1919). ' ’ 

29, (lilllT) ; lA'iUikliii, ,/. ,1m. ('hvm. 

34, loUl (1<J12) ; ^Varren, Chem. Xeir.% 55 , 153 (1887). 

13 Weiser, “The Hydrous Oxides,” Kew York, MeGrawIIill Book Co., Inc 1926 
p. 192, ’’ 
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the colored precipitate is dissolved in potassium amide an entirely colorless solu- 
tion of potassium amnionocuprite {cf. Chapter VII, p. 70) is formed. Addition 
of ammonium nitrate to this solution precipitates pure white ammonous cuprous 
nitiide. Further addition of nitric acid dissolves this precipitate to form a color- 
less ^ solution of cuprous nitrate from which pure white ammonous cuprous 
nitride is again precipitated by adding potassium amide. The colorless solution 
of cuprous nitrate on standing, especially in sunlight, gradually takes on a pale 
olue color indicative of the slow formation of cupric copper. On adding potas- 
sium amide to this pale blue solution the original colored precipitate appears. 
The three-legged reaction tube in Figure 4 (p. 33) was used in making these 
observations. 

this formation of a small amount of cupric salt when cuprous nitrate solution 
is allowed to stand is in harmony with the observations of Sloan, who, in pre- 
paring cuprous nitrate by the reducing action of metallic copper on cupric ni- 
trate in liquid ammonia solution, was unable to discharge entirely the blue color 
of his solutions. 

Cuprous nitride explodes with considerable violence at a tempera- 
ture around 240°. T>v tlie action of dilute aipieous sulfuric acid 
it is converted into e(iuivalent quantities of cupric sulfate and me- 
tallic copper. 

Silver Amide, AgNHo. A pure white, amorphous and rather 
bulky preci[)itate of silver amide is formed in accordance with the 
CMiuation, AgNO.^ KNFL ~ AgNH.^ -|- KNO.., when a solution of 
potassium amide is run into a li(piid ammonia solution of a soluble 
silver salt.^"* On drying, the waslied precipitate shrinks much in 
bulk and is left in the bottom of the container in the form of a dark 
gray mass whicdi (nxplodes with the greatest violence on the slight- 
est ])rovocal ion. During tlie course of the work in ])reparing and 
analyzing the amid(‘ many tubes exploded without assignable cause, 
som(‘ of lh(^ (‘.\})losions tcmring holes through several layers of stout 
toweling \vra])p(Ml around the tube for the i)rotection of the o])erat()r. 
Attempts (o d(‘animona((‘ silver amide to silver imide or nitride by 
warming tln^ amide in vacuum were unsuccessful.^ ’'' 

Sih'er ainid(‘ dissolves laanlily in li(iuid ammonia solutions of 
ainmonimn nili-at(‘, of ainmonium iodide, and of certain acid amides 
as W(dl as in (‘xcc^ss of ])olassiuni amide. It may be hydrolyzed by 
very careful treatment with water vai>or to silver oxide and am- 
monia. 

Gold Amide-Imide, An ( XIT ) Nil.. \Vhen potassium auribromide 
is tr(nit(Ml w'ith ])otassiuni amide in li(]nid ammonia solution an in- 
soluble pre(a})itat(‘ of tlu‘ coin})osit ion re[)resente(l by the above for- 
mula is formed. The com])onnd is highly explosive.’"' 

14 Sloan, J. Am. Chcm. >Soc., 32, 1)72 (1<)1()). 

1 Franklin, J. Am. (lietn. l!<<)c., 27, ^'^'33 (Ibor)). 

if'‘J-Tlic product long known as Bcrthollct’s fulminating silver, \\hicli ac(*ording 
to Kasebig [Ami. ('hem.. 233, 33 (ISSO)] is silver nitride, lias aiiparently never 
been establislied as such. 

Unpublished observations by Cb S. Eohart, 
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Beryllium Nitride, By heating meiallic beryllium : 

contact with either nitrogen or ammonia gas impure sp(‘eimeus < 
beryllium nitride have been obtained. Neither an amide nor a 
imide is known.^^ 

Magnesium Amide, MgCNHo)^, and Magnesium Nitride, 
Magnesium amide has been prepared by allowing sealed rea(dio 
tubes containing liquid ammonia and (1) metallic magm^sium an 
sodium iodide, (2) magnesium and sodium amide, (M) magnesiui 
and sodium ammonomagnesiate,. and ( 4 ) magiu^sium and nudalli 
sodium to stand for a few days or weeks with (x-casional shakingj 

Magnesium amide dissolves in liquid ammonia solutions of an 
monium salts and is vigorously hydrolyzed l)y (h(‘ acdion of wa((‘ 
to magnesium hydroxide and water. When h(‘al(Ml lo a. tnnqxu'a 
ture around 350 ° to 400 °, it loses ammonia, and is coiivcm'IcmI into j 
product the composition of which lies between lhat of magmssiun 
imide and magnesium nitride. As is familiarly known magiavsinn 
metal is energetically nitridized to the nitride when healed in con 
tact with nitrogen or with ammonia gas. 

A"ery recently Schlenk^^ has prepared magiussiiim amide by tin 
action of ammonia on diethylmagnesium in ether sol u I ion, 

Mg(C2H5)2 + 2NH3 = Mg(NPL), + 2 (kll,. 


He also prepared magnesium dianilide, Mg(NllC,.II,)., by (h(‘ iiibu*- 
action of diphenylmagiiesium and aniline. 

Calcium Amide, Ca(NHo)2 and Calcium Nitride, Stron- 

tium Amide, Sr(NH2)o, and Strontium Nitride, Sr.,N^„ Barium 
Amide, Ba(NH2)2, and Barium Nitride, The "amides of 

calcium, strontium and barium have been pr(‘par(Ml bv the acliou 
of gaseous ammonia and of liquid ammonia 011 (h<‘ r(‘sp(M*( iv(‘ uud- 
als. ^ Barium amide has also been prepare<I hy Ihe acliou of am- 
monia on barium hydride and as a microcrystallim^ I)r(‘cipilale by 
the action of potassium amide on excess of barium nilrab* in li(jui(l 
ammonia solution. Bergstrom has obtained barium ami(l(‘ w(‘ll 
crystallized by the action of metallic harinm 011 li(niid ammonia in 
the presence of metallic iron acting as catalyst. Bai-inm amid(‘ is 
slightly soluble, calcium amide is practically 'iusoIubh> in li(inid am- 
monia. A .11 three amides are energetically hydrolyzcal b\ llu^ arlioii 
of water into the respective metallic hydroxides iiml aiinnonia. 

The nitrides of calcium, strontium and harinm aiv fornu'd by 


IS B(.T^>troiri. J. Am. Chcm. S!oo., 48 2S48 (n)2()) 
W iiii. Sehlenk, Jr., Bcr., 64, 739 (’l931). 

aJr^Chem':!” 8 th ed" “93”!''”^ 
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healing the respective metals in contact with nitrogen and also by 
lieating tlie amides. \Miether inversely the nitrides may be am- 
monated to the amides, as has been reported, is not certainly known, 
at an}^ rate Kraus and Hurd were unable to confirm earlier ob- 
servations to this effect. All three nitrides are hydrolyzed by the 
action of water into ammonia and the respective metallic hydrox- 
ides. Calcium ethylate, it is interesting to observe, has been ob- 
tained by the interaction of ethyl alcohol and calcium nitride. 

Although the imides of calcium, strontium and barium have been 
reported, their existence, according to Kraus and Hurd, is open to 
doubt. 

A Zinc Amide, Zn(NHo) 2 , Zinc Nitride, ZugKo. Zinc amide 

v'as prepared many years ago by the action of ammonia on zinc 
ethyl.-- Just as ziiic ethyl is hydrolyzed by the action of water to 
zinc hydroxide and ethane so analogously it is ammonolyzed by the 
action of ammonia to zinc amide and ethane, 

Zntccnj. + 2NHg =i Zn(NH,)2 -f 20J-T,,. 

Zinc amide,--^ which is practically insoluble in liquid ammonia, re- 
acts with a solution of potassium amide to form potassium ammono- 
ziiK'ate (r-/. (ffiapter Yll, p. G5), and with ammonium nitrate to 
form zinc nitrate. The zinc derivative of ethylamine of the formula, 
(OolIr^NH) oZn, has been obtained by the action of ethylamine on 
zinc diethyl.-^ 

Zinc nitride is formed when zinc amide is heated to a tempera- 
lure of low redness.-'^ It is readily hydrolyzed to zinc hydroxide 
and ammonia by tin* action of water. 

Cadmium Amide, (hllNIL). and Cadmium Nitride, (M.X.. l>o- 
hart ol)lain(‘(l ^-adniium amide in tlu^ form of a colorless, anior- 
plious pr(M-ipila 1(‘ by adding j)otassiuni amide to soniewhal moi'c 
Ilian (Ik* (‘(pi ival(*n( amount of cadmium thiocyanate dissolved in 
li(|ui(I ammonia. It is int(*r(*st ing to not(* that tin* thoroughly 
\\'ash(*d cadmium amid(* pr(‘ci[)it at(* shows the phenomenon of dis- 
p(*rsion into tlu* pure* solv(‘nt. it r(‘acts with wat(*r vafior to form 
cadmium h\'(iroxide and ammonia. On heating cadmium amid(* to 
ISO' it is cou\’(*rt(*d into tin* black amorphous nitride*. 

Mercuric Nitride, llg-.X., is formed as a dense, brown pr(*cipitate 
wh(*n nK*rcuric iodide*, or bromide, in liepiid ammonia solution is 

-1 Ki-aus and Hurd, J. Am. CJicin. Soc., 45, 255!) 

-- r'ninklaiid, J. prukl. ('Item., [Ij 73, 35 (1S58). 

L'liii Kitzg('rald, J. Am. ('hem. Hoc., 29, (1!)07). 

‘-’■'(dll, Bull. soc. chim., [2) 39, 583 (1883). 

-1 KraiikJiind, Phil, Mag., 14) 15, 149 (1858). 

^ liohart, J. Pliijs. ('hem., 19, 545 (1915). Cf. Henderson and Gallety, J. Hoc. 

Chvm. hid., 27, 387 (1908) ; Fischer and Schroter, Ber., 43, 1405 (1910). 
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run into an excess of potassium amide dissolved in th(‘ sani 
solvent^^ It dissolves readily in li(inid ammonia solnlioiis ol* an 
monium bromide, iodide or nitrate and slowly in ])olassiuin amid 
solution, in the latter case undoubtedly to form polassinin ammoin 
mercurate, though such a salt has not be(‘n isolal(‘(I. T1 k‘ dry ('on 
pound—that is to say free from ammonia and of (*ours(‘ froin waU 
—detonates violently by impact or on being bronghi inlo (*onla( 
with liquid water. The product formed by lb(‘ action of wat( 
vapor on mercuric nitride is converted into menairic chlorid(‘ an 
ammonium chloride by the action of dilute bydro(‘hlori(‘ acid. 

Pesci^^ prepared a compound to which h(‘ gav(‘ tlu^ fonnul; 
Hg(NH 06 H 5 )o, which may be looked upon as a diphenyl derivativ<‘ ( 
mercuric amide while Pimroths"® compound, IIgN( uH;,-* may I 
said to be a phenyl derivative of mercuric iinidc^ or aiiilim^ in whic 
both amino hydrogen atoms are replaced by mcnaairy. 

Ammonous Aluminum Nitride, AlN.xNIl.j and Aluminum N 
tride, When to a liquid ammonia solution of sodium an 

monoaluminate an equivalent quantity of ammonium bromide^ i 
added a bulky, amorphous precipitate of ammonous alnniinnm n 
tride is formed which simulates in a. rcmai'kably (•los<‘ niaiiiun* tli 
familiar behavior of hydrous aluminum oxide. Standing in contac 
with liquid ammonia at laboratory temp(n*atnr(‘ th(‘ i)r<‘cipitjit( 
starting with a composition lying bedwenm that of alnniinnm amid* 
A1(NH2)3, and aluminum iinide-amidc*, A1(NII)NII.„ con t innonsl 
loses ammonia during a period of days or w(H‘ks at tb(‘ emd of wide 
time its composition is that of a mixture^ of much nlumimim indnt 
Al 2 (NH) 3 , and little aluinimim iiitridcc On rcmioving (b(‘ soIvcm 
and beating the precii)itate in vacuum, lii'st at 2-0' io 210 ;ni 
then at 380°, deammonation continii(\s but so slowly (hat (li(‘ an 
monous nitride can not be coinpbdcdy con vend cmI iido alnniinnm n 
tride within a reasonable tinuc It is fair to assnim^ tbal comphO 
deammonation could be quickly ac{a)m|)Iisli(‘(l a( a bigiim- Ooiijxm-; 
ture. 

Ammonous alinniunm nitride^ dissolvers r(‘adily in liquid ammoiii 
solutions of ammonium bromide to form ainminiim broniidcr, an 
of potassium amide to form potassium nmmonoalniiiina((‘. It is vij 
orously hydrolyzed to hydrous alumiiinm oxid(‘ and ammonia by II 
action of water. 

Aluminnm nitride is lormed when nurtallic alnminum is strong! 
heated in an atmosphere of nitrogen or of ammonia, and by passiii 

26 Fitzgerald, J. Am. Chcni. Hoc., 27, HdD (UHir)). r/. Ilir/rl, ,Jnhrb., 8 ' 

(1852) ; Plantamour, Ann. Chcmi., 40, 115 (ISIl ). ’ ’ 

27 Pesci, Z. anorg. VUem., 15, 2m (181)7). 

2sDiniroth, Ber., 35, 2043 (11)02). 

26 Bergstrom, J. Phys. Vhem., 32, 434 (11)25). 
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nitrogen over a mixture of aluminum oxide and carbon at a high 
temperature. 

Thallous Nitride, TI3N. This nitride is formed as a dense, black 
precipitate when equivalent quantities of thallous nitrate and po- 
tassium amide are brought together in liquid ammonia solution.^® 
It dissolves readily in a liquid ammonia solution of ammonium ni- 
trate to form thallous nitrate and in potassium amide solution to 
form potassium ammonothallite. {Cf. Chapter VII, p. 71 .) It ex- 
plodes with violence when heated or subjected to shock or when 
brought into contact with liquid water. In contact with water 
vapor it is hydrolyzed to thallous hydroxide and ammonia. 

Lead Imide, in)NH, is obtained in the form of an orange-red 
precipitate when lead iodide, or any other soluble lead salt, and 
])otassium amide are brought together in equivalent quantities in 
V li(piid ammonia solution.®^ 

Lead imide dissolves readily in liquid ammonia solutions of am- 
monium iodide or nitrate and also in an excess of potassium amide. 
It explodes violently when heated or on coming in contact with 
li(piid water. It hydrolyzes quietly in contact with water vapor to 
lead hydroxide and ammonia. 

Bismuth Nitride, l>iN, When bismuth bromide or iodide in solu- 
tion in li(iuid ammonia is run into an excess of potassium amide a 
dark brown pi-edpitate of bismuth nitride, or possibly of an am- 
monous nitride, is formed. On drying the precipitate, that is, free- 
ing it from ammonia, it blackens markedly and at the same time 
undergoes a (‘ertain anioiiiit of decomposition as is shown by the 
fa.(*t that the ammonia-free product contains a small amount of 
m(‘talli(' I'ismutli. On heating bismuth nitride or on bringing it 
into contact willi Hipiid water it explodes violently. It is hydro- 
lyzed by t]i(‘ action of water vapor. It dissolves in li(inid ammonia 
solutions of ammonium bromide or iodide but is apparently iii- 
solubk^ in potassium aniidt^ solution. 

Molybdenum Nitride, .Mo..X., has been obtained in the form of 
a powdcn* showing ni(qalli(' luster by heating molybdenum trichlor- 
id(‘ in a, (airrcmt of ammonia gas.'^- It is fornuMl also by lumting 
molylxhmnm ])enta(*hloride, or molybdic acid, at a bright red heat 
in contact with ammonia. 

Att(mij)ts to ])r(‘j)are an amide of molybdenum by the action of 
potassium amide, in licpiid ammonia solution, on molybdenum tri- 
bi'omide yicdded ammonobasic mixtures of indetinite composition. 

Manganese Amide, Vn(XIL').. This amide is obtained in the 

•■io Franklin, J. PJii/s. (hem., 16, t)S;J (1912). 

.'o Franklin, J. Ani. (hem. Hoc., 27, M42 (1915) ; J. Phi/fi. (hem., 15, 509 (1911 ). 

Koscnilu'iin and Uraun, Z. anoy'g. Chem., 46, 311 (1905). 

u;{ Jiergstroin, J. Am. them. Hoc., 47, -323 (1925). 
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form of a pale yellow, noncrystalline precipilate eonlamiiialiMl wi( 
more or less potassium ammonoliypomanganilo ((^f. (''haj)t(M‘ VI I 
when potassium amide is added to an excess of maii^4'aiies(* llii( 
cyanate in liquid ammonia solution.^*^ Heated at I 10' in vacuni 
manganese amide loses ammonia and nit^o^^■en and is eoiiv(*i*((‘d ini 
a black product which is either an ammonons nilri<le of iinhqinij 
composition or a mixture of manganese imide and nitrid(?. I\Iang<* 
nese amide is vigorously hydrolyzed by the action of watcn* (o niai 
ganese hydroxide and ammonia, small (piantilies of ni(i‘og(ni an 
hydrogen being evolved at the same time, Tln^ iinid(‘ tiilrid(‘ ini> 
ture is scarcely affected by water, but dissolv(\s slowly in dilnl 
sulfuric acid. 

A manganese nitride approximating in composilion th<‘ forninb 
Mn^No, has been obtained by heating m(da.l]i<* ma nga nes(^ a I SOI] 
in a current of ammonia.^® 

Ferrous Nitride. None of the attempts to pr(q)ar(‘ a nilrid(‘ o 
iron of definite composition has been success 


By digesting the black precipitate formed by (li(‘ aclion of p( 
tassium amide on ferrous bromide with a hbpiid ammonia solntio 
of ammonium thiocyanate Bergstrom obtained pi*<‘paral ions ai 
proximately of the composition, Fe,N,,. Allcmpis lo pivpare m 
ammonoferrite of potassium were unsncc(\ssful. 

Nickel Amide, and Nickel Nitride, Ni,N,. Nida 

amide has been obtained in the form of a lloccnbml, r(‘ddisli pi‘( 
capitate by the action of potassium ainide on an (‘X(‘(\ss of nickc 
thiocyanate in liquid ammonia solution.'*- Toward lln^ (md of ih 
washing process carried out in purirying (In, amide* jncparalorv I 
analysis Bohart noted its tendency to [)ass inlo (in* roJloidal s*la( 
when in contact with pure solvent. It dissolves in a liipiid an 
monia solution of ammonium nitrate to form iiidod ni(ra((* •md r( 
acts mildly with water, being thereby bydroly/.*,! inlo nirkol hv 
aroxide and ammonia. 

y hen nickel amide is heated in viu-mnn at OO' .■inmu.uia, mixe. 
yth small amounts of hydro-on and nitro-on is -iv.oi nir h-avin 

llnte n l>.V IMM. <li,ss..lv,. 

chlSe ^ an.l anununin, 


Ammonous Cobaltous Nitride, Co,N,.xNIL, and Cobaltous b 

35 46, ISfiu ( MC'-) ) 

MFowtTT -Af Chom. 27 ;i,SS (looS) 

rowlei, J. Chem. Boc.. 79 ^85 w i b i i-- 

CAew. 28, 1343 (1006*) • Berostrom / i iMrsdiha urn, J. d 
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tride, (4).5No.^''’ lien potassium amide is added to a li(iuid am- 
iHonia solution ot eobaltons lliioeyaiiate a bright blue, tloeeuleiit 
I)i'eeii)ilate apju'oxiiuately of the composition of cobaltous amide is 
ioianed. On standing in contact with the solution this precipitate 
gradually loses ammonia and becomes black. This black product 
when heated in vacuum at 120° is converted into cobaltous nitride. 
The amide reacts vigorously with water, the nitride very sluggishly. 

The behavior ot the blue precipitate of ammonous cobaltous ni- 
tride resembles in a striking manner that of hydrous cupric oxide 
which compound of indefinite composition, it will be recalled, un- 
dergoes dehydration on standing in contact with water but is con- 
verted definitely into cupric oxide only when heated in the dry state 
to a relatively high temperature. Attempts made by Bergstrom to 
prepare a potassium ammonocobaltite were unsuccessful. 

Attempts to Prepare Tetramethylammonium Amide. Since po- 
tassium chloride is but slightly soluble in liquid ammonia it was 
surmised that this salt would be precipitated leaving tetramethyl- 
ammoniuni amide in solution on bringing together solutions of 
equimoleeular quantities of tetramethylammonium chloride and po- 
tassium amide. Potassium chloride separates from solution in 
agrc^ement with a reaction represented by the equation, 

(01L),NC1 + KNH, zz: (CH3),N-NH, + KCl. 

However the solution was found to contain trimethylamine and 
methyl amine instead of tetramethylammonium amide. Obviously 
the ammoiio base breaks down at laboratory temperature as soon as 
formed, in a manner analogous to the decomposition which tetra- 
nielbylammoninm hydroxide undergoes at higher temperatures. 

Similar unsuccessful attempts have been made to prepare tri- 
melbylsuironinni amide, (CH^JsS-Nn., and diphenyliodonium amide, 
(('!,.1I J J-Nlh„ the ammonia analogs resi)ectively of irimethylsul- 
fonium hydroxide, (OIL.) and diphenyliodonium hydroxide, 
{ ( \.l I J .1-01 1. The tirst of the two hypothetical amides ])resumably 
breaks down into diinet hylsullide and methylamiiie, the otluu* into 
ph(‘nyl iodid(‘ and metbylainiiie.^'*^ 

118 J. Am. Vlieni. ^oc., 46, 2G31 (11)24); J. PJiijs. C/iein., 32, 433 

(]1)2S). 

Unpul)! i.slH'd ohsorvatioiis. 



CHAPTEE VII. 


ALKALI METAL SALTS OF AMPHOTEEIO MlVrALLlO 
AMIDES AND IMIDES. 

Among the phenomena with which the student of chemislry' cjiH 
becomes familiar is the solubility of the liydi-oxides of zinc, nluiii 
num and lead in solutions of potassium hydroxid(‘. In coniK'ci.io 
with his observations he occasionally asks why amjdioLu-ic jjropci 
ties are shown by these particular metallic hydroxi(h‘s and not b 
others with which he is familiar. Whatever may Ixi lln^ an.sw(>r I 
this question we shall find as we proceed that while on 1;he one ban 
only a limited number of metallic hydroxides dissolvers in inineou 
solutions of potassium hydroxide, on the other, flue large inajorii 
of metallic amides and imides shows amphoteric proixa-liecs iii fha 
they react with potassium amide in solution in liepiid ammonia t 
form compounds which are to be looked u])on as derivativi's of an 
monia in the same sense that potassium ziucate, for example is 
derivative of water. 

Fitzgerald 1 found that just as an aqueous soliilion of jxilassini 
hydroxide dissolves zinc hydroxide to form (lie a(niozincale of p( 
tassium, so potassium amide in Ihpiid ammonia solid ion acis oi 
zinc amide to form a crystalline iiroduct which mnsi be looked npoi 
as an ammouozincate of potassium. Tbe closirlv analogous rem 
tions taking place in the respective solvenis, waler ami ammonia 
may be represented by the equations, 

Zn(OH), 4- 2KOH = Zn(()K:),, -)- 211., O 

Zn(NH„), 4.2KNH„ = ZnjNllK:), + 2 Nlf,,. 

Neither of the compounds repre.sentod by the r.rspeciivir formula 
Zn(OK), and Zn,NHK), is known, .fust as sueb mpiozincad's a 
ha\e been isolated always contain “water of crvsiallizal ion” - s> 
Fitzgerald’s compound, which was found to have Ihe ennnrical ,mni 
posi ion mN.HsKL, may be looked upon as a amnmnozincale of pe 

Elektrochem., 6 301 (1900) • HantylV, ^ 7 ' ^ ’ I'oi'i-slcr and (duidu'i 

Wood, J. Chen. L, 97 878 ’(19im r fn,on/. 30 , 2S9 (mo.'i) 

(1920). ’ Goudruuui, <’hrm. Ahs/rar/s, 14 , (id 
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tassiuin combined with ^^ammonia of crystallization’’ and given the 
formula Zn(NHK) 2.2NH3. 

Fitzgerald’s success in preparing beautifully crystallized speci- 
mens of potassium amnionozincate of sharply definite composition 
together with early observations made in this laboratory showing 
that salts of many metals in solution in liquid ammonia, when 
treated with potassium amide, give precipitates which dissolve on 
adding the precipitant in excess, led to a series of investigations 
planned to determine the extent to which the formation of salts 
by the action of potassium amide on the amides, imides and nitrides 
of other metals might be carried. The result of these investigations 
has been to show tliat a large number of metallic amides, including 
those of such strongly positive metals as magnesium, barium, stron- 
tium, calcium and even sodium and lithium, react with potassium 
amide to form comj)ounds which must be looked upon as salts in 
which these metals play a part closely similar to that which zinc 
plays in potassium a(iu()zincate and which lead and aluminum play 
in the compounds formed by the action of aqueous potassium hy- 
droxide on the hydroxides of these metals.^ 

A list of compounds which may be regarded as alkali metal salts 
of amphoteric melallie amides and imides follows. All these com- 
j)ounds liave been ])repai*ed by reactions carried out in liquid am- 
monia, solutions, whence it follows that statements concerning pre- 
cij)itation, ci*yslallization, washing, drying and so forth, unless 
otherwise s[)ecilically slated, havm to do with operations in which 
li(piid ammonia was used as solvent. 

Potassium Ammonozincate, Zn (NIT Iv) 32x113,'^ The formation of 

•'5 It, is fair to assunia tliat the well-known solubility of many metals [Le Blanc 
and H(M*^tna,nii, Her., 42, 4728 (IJM)!)) and Le Blane and Weyl, Bcr., 45, 2800 
(1012) I and nietallie hydroxide's in fns(‘d jiotassium hydroxide is aecompaii it'd hy 
salt formation, ('('rtainly the (‘xistenei' of the lon^ list of e'onijiounds di'serihed 
in th(‘ following' jiayi's lends eonsiderahle siipjiort to tin* vimv that in these ])o- 
tassinm hydroxidi* fusions tin' water analogs of our amniono salts are pri'smit. 
SoiiH' ohs('r\'at ions niadi' in this laboratory on tlu' solubility of im'tals and metal- 
lic oxid(‘s in fusc'd potassium hydroxide ^'avi' the following ri'sults. The oxide's 
of barium, strontium, calcium, magnesium, zinc, (-adniium, nieri'iiry and silver 
dissolve' to ('h'ar e'oleirle'ss fusions, ('ujirie* oxieh' ^'ive's a fusion whie-li is blue at 
lowe'r anel hro\\'u at hi^lu'r t e'Uipe'rat lire's. Nie'kcl oxide gives a purple seilutioii 
whie'h ehan«^e's to brown at bi<^'b te'inperature's. Terrie* oxieh' ydve's a purple me-lt 
whe'u dilute', more' e*on<‘e'ut rate'll seilutieuis are very dark. Bismuth e)xide' elisseilve-s 
abuiielant ly to form a de'e'p oran^U'-colore'd nu'lt. Ma»ine'siuni and cah'iuni elis- 
sedve' in fu'se'el potassium liN'dreixide with evolution of liyelro<z'en. Metallic platinum 
^•ive's a e'h'ar ye'llow solid iein. Palladium dissolve's from the pjilladium yold allety 
known as paiau tei form a ^.^reeii solution leavin^r the interior of the crue'ible 
ye'llow from e'xpose'el oold. 

4 This e'Dinjiouiiel may he' represe'ute'd as a peitassium aniine)nozine'ate' e-ontaining 
anuneinia, eif e'rystallizaiieui as aheive or it may he given the formula ZnfNHols- 
.2IvN.ir.., in ae'emrelane'e' with whie'h it is a mob'e-ular e'eimpenmd of zinc amiele and 
potassium amiele eir, feilleiwing Werner [“Ne'ue're Anschauiingen auf dem Gehiete 
der aneirganise'hen Ghe'inie,” 8rel ed., 128 (n) 18 )|, it may he given the formula 
Zn[ ), IK.,. Most of the cemipounds described in the following pages may 

be given similar alternate formulas. 
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this compound by the action of potassium amide oil zinc «unide lu 
already been discussed. It is interesting to iiole lluit Filzgera; 
prepared the same compound by the action ot a soluUoii oi poia 
sium amide on metallic zinc, Zn 4” 2 KNH 2 = /n(NHK )2 Ho. 

Potassium ammonozincate is most conveniently obtained by tl 
action of potassium amide on tetrammonated zinc iodide in a(*<‘or< 
ance with the equation, 

Znig + 4 KNH 2 = Zn(NHK)2 + 2KI + 2NH,.^> 

Zinc iodide when brought into contact with liipiid ammonia forir 
the slightly soluble tetrammonate which, under the action of potai 
sium amide, is gradually converted into a mass of well-rormed cryi 
tals of the slightly soluble potassium ammonozincate. A I timipiu'j 
tures above 160° the salt loses ammonia without ho\v(‘V(‘r givin 
a well-defined deammonation product At higher temperatures dee| 
seated decomposition takes place. 

Although the aquozincate and the ammonozincate of poiassini 
are strictly analogous compounds their behavior, the oiu^ towai*' 
water and the other toward liquid ammonia, are in striking cor 
trast. The ammono salt is entirely stable in the presen (‘e of hhpii* 
ammonia, showing no tendency to undergo ammonolysis, wherea 
the aquo salt is highly hydrolyzed in water solution even in Ih 
presence of a large excess of potassium hydroxide. The ex])lanajioi 
of this difference in behavior of the two salts toward the r(‘sp(M‘(iv 
solvents is to be found in the very marked difference in solvolyziiq 
power of liquid ammonia as compared with water, to which alUai 
tion has already been called. 

Potassium Ammonoplumbite, PbNK.2|NIL5, ]d)NIv.2NH,5 anc 
PbNKNHg.® Lead imide, obtained in the form of a reddisli yellov 
precipitate by the action of potassium amide on huul io(Ii<l(\ dis 
solves readily in excess of potassium amide to form a solulion fron 
which, by proper adjustment of concentration and <(un[)(‘ra,(ure, j 
beautifully crystallized product of the composition repr(\s(aite<I In 
the first of the above formulas may be obtained. In vacuum a* 
low temperatures this colorless compound loses one half molecuh 
of ammonia, thereby giving a product which has Ihe appc^a ranee oj 
an effloresced salt When this partially deammonatMl salt is healec 
to 80° to 100° additional ammonia is given off leaving a. moni 01 
less discolored product of the composition represimted by the for 
mula, PbNKNHg. At temperatures around 160' the compoumi 
explodes, as it does also at laboratory temperatures when broughl 

5 Franklin, J. Am. Ghem. Sog., 29, 274 (1907) 
e Franklin, J. Phys. Ghem., 15, 509 (1911). 


SALTS OF AMPHOTERIC AMIDES AND IMIDES 67 


into contact with water or dilute acid. Exposed to the action of 
water vapor the salt quietly undergoes hydrolysis to form lead hy- 
droxide, potassium hydroxide and ammonia. 

According to Hantzsch the compound formed by dissolving lead 
hydroxide in aqueous sodium hydroxide, instead of being sodium 
plumbite, is rather a sodium plumboformate of the formula, 
HPbOONa. Following Hantzsch, which however the writer is rather 
disinclined to do, the compounds described above become potassium 
plumboformates of the respective formulas, HPb(NH 2 ) oNHK.^NHg 
or HPb (Nil) NHK.liNIl 3 , HPb (NH.) oNHK or HPb (NH) NHK.NH^ 
and IIPb(NH)NHK. 

Potassium Ammonoaluminate, A1 (NH)NHK.2NH.., and Al- 
(NH) NriK.NH;,.'^ IMetallic aluminum, presumably because of the 
presence of an insoluble protective film covering the surface of the 
metal, is not attacked by a solution of potassium amide. The amal- 
gamated metal however dissolves readily to form a very soluI)le po- 
tassium ammonoaluminate which separates from the cold concen- 
trated solution in tlie form of colorless, needle-like crystals. Dried 
in vacuum at low tem[)eratures the compound has the composition 
represented by the first formula given above. At 55'’ in vacuum 
the salt melts and loses one molecule of ammonia forming a prod- 
uct of the composition represented by the second formula. When 
the very soluble ci-ystallized salt is brought into contact with pure 
]i(prul ammonia it does not dissolve com])letely. An amorphous 
])recipila<(‘, presumably of animonous aluminum nitride, AlN.xNHg, 
formed by (be amnionolysis of potassium ammonoaluminate, settles 
to (be bottom of the reaction tul)e. This insoluble material dissolves 
on t.li(‘ addition of a small amount of }K>tassiiim amide or when the 
liijuid ammonia is largxdy evaporated away. 

Hergstroni'^ has shown that the action of potassium amide (in 
solution ill liipiid ammonia) on imdallic aliiminnin takes place in 
two st(q)s. M(dallic potassium and aluminum amide or ammonous 
aluminum niti'id(‘ art^ first fornuMl in accordance with th(‘ (Mpiation, 
A1 4- .‘JKNII. = + Al(NIL).,, following which tin* aluminum 

amid(‘ dissolve's in tlu' (‘XC(*ss of jiotassium ami(h‘ to form potassium 
ammonoaluminat(*. 

Potassinm ammonoaluminate is also fornu'd by tin* action of a 
solution of m('ta.ili(' [lotassium on amalgamati'd aluminum. Am- 
monia and metallic potassium interact with a fair degree of s[)eed 
in th(' ])r('S(*nc(' of aluminum acting as a catalyst. The potassium 

'SiViiant/sch, (iHurf/. Chrm., 30, 'M)^ (1002). 

'> nc'rgst roni, J. Am. (licm.. Aioc., 46, ir>4.) 

« Jioigsirom, A. Am. ('hem. 45, 2702 ( 11)23) ; Kraus, J. Am. Clu-m. Sue., 
44, 1224 (1022). 
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amide thus formed then reacts with metallic aliimiiiiiin as explaine 
above. Bergstrom makes the interesting suggestion tliat the initit 
step in the action of aqueous potassium hydroxide on siu'li imdal 
as zinc, aluminum and magnesium consists in tlie se})ara[ion of fre 
alkali metal which is of course immediately reconverted into Ih 
hydroxide in the presence of water. It may be noted in this cor 
nection that a blue area, presumably a solution of metallic pota.^ 
sium in potassium hydroxide, is developed around the end of a rO( 
of metallic magnesium immersed in fused potassium hydroxide 
According to Bergstrom free potassium is fornuMl in accordanc 
with the equation, Mg + 2KOII = Mg(OK)^ + 

Sodium Ammonoaluminate, Al(NII)NHNa.2NlL and Al(NII) 
NHNa.NHg. A well-crystallized product of the composilion repr< 
sented by the first formula was obtained by Bergslrom by (‘onceii 
trating and cooling the solution formed by the aclioii of sodiuii 
amide, or of metallic sodium, on amalgamated aluiniimin. Wlnu 
heated in vacuum at 80° the salt melts and simultaiu^oiisly los(‘; 
one molecule of ammonia. The resulting product has the comj)osi 
tion represented by the second formula. 

Lithium Ammonoaluminate, Al(NH)NlILi.2Nir.j. Bcu'gsi roii 
obtained this compound in the form of slightly solubb* (-ryslals b' 
the very slow action of lithium amide on amalgama((‘d aluminuin 
Potassium Ammonoberylliate, BeNK.2NII;, and lieNK.N 1 1..,'’ ha; 
been obtained by dissolving beryllium in a solnlion of polassiun 
amide and also by allowing a solution containing in(balli(* |)()(assiiin 
to stand in contact with metallic beryllium. The diainmona U mI sail 
which separates from cold very c()n(‘entrat<Ml solid ions, losiss om 
molecule of ammonia when heated in vacuum at ISO". [N)(assiuu 
ammonoberylliate is vigorously hydrolyzed by (b(‘ acliou of wadv 
to potassium hydroxide, beryllium hydroxide and ammonia. 

Sodium Ammonoberylliate, BeNNa.2NII,5 and Tx^N Na.NM I.,. Tin 
diammonated salt which Bergstrom prepanal by lb(‘ ad ion of j 
solution of metallic sodium on metallic beryllium, closidy irsmnbb^f 
the corresponding potassium salt. When healed in vacn'nm it losia 
one molecule of ammonia. 

Potassium Ammonomagnesiate, Mg( Nil K) .,.2N I d1iis sal 
has been prepared by the action of potassium iimidc^ hi solution ii 
liquid ammonia, first, on a halogen salt of luagm^sium, s(mou(l, oi 
an aquo acid salt, third, on an aquo-ammono acid salt and linallv 
on metallic magnesium itself, in accordance with readioiis ivprV 
sented by the respective equations, 


^Bergstrom, J. Am. Client, ^oc., 50 0;)2 {1!)2S) 

Borgstro,.,, ihij., 48 , -H I} 
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(1) Mg’Io + 4 KNIL = Mg‘(NHK)2 + ^KI -|- 2NH3 

(2) Mg(N0.5)2 + 4 KNH [2 = Mg(NHK)2 + 2NH3 + 2KNO3 

(;^) i(Al,(X)mi).M^ + 4 KNH., Mg(NHK) . + 2 NH, 

+ 2 CU./X)miK “ ' 

(4) Mg + 2KNIl2 = Mg(NHK)2 + H2. 

It may be assnined that potassium amide acts on the respective 
salts to Jorm the practically insoluble magnesium amide which lat- 
ter compound then reacts with excess of potassium amide to form 
potassium ammonomagiiesiate. According to Bergstrom the for- 
mation of ])o1assiuni ammononiagnesiate by the action of potassium 
amide on meiallic magnesium takes place in two steps as repre- 
sented by the e(iuations^ 

(1) Mg + 2KNn2 = Mg(NH2)2 + 2K 

(2) Mg (NIB) 2 + 2 KNH 2 = Mg{NH2)2.2KNH2. 

Potassium ammonomagiiesiate is also formed by the action of a 
solution of potassium on metallic magnesium, 

2 K + 2 Nir 3 + Mg =i Mg(NHK)2 + -H.. 

Polassium ammonomagiiesiate has been obtained in the form of 
a (‘rystalliii(‘ ])owd(‘r wliich is but slightly soluble in liipiid am- 
monia. J I, is con v(*rl(Ml iiilo a mix (lire of potassium nitrate and 
magn(‘sinm ni(ra((‘ by (lie action ol' a liipiid amiiionia solution of 
ammonium ni(ra((‘ and is hydrolyzed on (reatiuent with water into 
j)o(assium hydroxides magmssinm liydroxide and ammonia. 

Sodium Ammonomagnesiate, Mg( NllNa) 2.2N1I.,.^^ AVheii metal- 
lic sodium or sodium aiuide^ in (lu* jirc^semce of liquid ammonia is al- 
1 o\\’(m1 (o s(au(l in eou(ac( \vi(h meiallic luagnesium a product coii- 
sisling o(‘ a luixlun^ ol' sodium ammoiioiuagiiesiate* and magnesium 
amieh^ is olilaimul. I>y r(‘p(‘a((‘dly (cxlracliug (he mixture^ willi liipiid 
ammonia Ibu'gslrom oblaiiUMl the* sonuMvhat soluble (6 grams per 
li((‘r at 20 ) sodium ammouomagnesia((‘ in a slale of jiurity. 

Potassium Ammonocadmiate, Pd (NIIK ) 2.2X11 This com- 
pound, in (h(‘ form of an amorphous ]»r(H*ipitate, has been prepared 
by (h(‘ aedion of an ex(*(‘ss of ])o(assiuiu amide on the very slightly 
solubl(‘ (‘admium amidc^ and also on (he readily soluble potassium 
cyancadmiale. 

Potassium Ammonohypomanganite, ^rn(NIIK) 2.2x113.^^ Berg- 

31 IkM-gstroni, J. Am. Chem. Hoc., 48, (1{)2G). 

lUlohart, J. rinjm Chem., 19, 542 (1014). 

13 Bergstrom, J. Am. Chem. Hoc., 46, 1552 (1924). 
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Strom obtained this compound in the form of a light ^ellow^ ci.>s- 
talline precipitate by the action of potassium amide on metallu 
manganese, of metallic potassium on metallic manganese and ol po- 
tassium amide on manganese tliiocj^anate in accordance with le- 
actions which in the light of the preceding discussions will be f«i- 
miliar. When potassium ammonomanganite is heated to a tempera- 
ture above 110 ° to 120 ° it yields ammonia, nitrogen, hydrogen and 
a black residue of indefinite composition. Potassium ammonohypo- 
manganite in the dry state is pyrophoric. 

Sodium Ammonohypomanganite, Mn(NHNa) 2 . 2 Nn 3 .^‘^ Sodium 
amide in solution in liquid ammonia slowly attacks metallic man- 
ganese giving a light yellow, crystalline product which is distineily 
more soluble than is potassium ammonohypomanganite. Its prop- 
erties are very similar to those of the potassium salt. 

Lithium Ammonoferrate, LiN=Fe-NLi 2 .^® By heating a mixture 
of lithium nitride and metallic iron, both finely pulverized, in an 
atmosphere of nitrogen the iron is nitridized to the ferric sinte and 
forms with the lithium nitride a definite compound ot the eom])osi- 
tion represented by the above formula. The compound is vigorously 
hydrolyzed by the action of water to ferric hydroxide, lithium hy- 
droxide and ammonia. 

Attempts by Bergstrom to prepare a potassium ammonoferrite 
by the action of potassium amide in excess on ferrous bromide w(‘re 
unsuccessful. 

Potassium Ammononickelate, K 2 N-Ni-N(K)-Ni-NK 2 .()Nn 3 , 2Ni- 
(NHolo.SKNH,. Bohart found that when nickel thiocyanaU^, in 
liquid ammonia solution, is treated with an excess of potassium 
amide a deep red solution is formed from which a red, crysiallim^ 
product is slowly deposited. The salt, which is slightly solubh^, was 
obtained well crystallized and of sharply definite (*omposi( ion. I( 
is formulated above as a liexammonated salt of an unknown dinick(‘l 
diamide-imide, li,N-Ni-NEI-M-NlU, and as a molecular compound 
of two molecules of nickel amide with five mol(‘cnl(‘s of jiolassinm 
amide. 

In his attempts to prepare nickel amide and an ammononickidale 
by the action of potassium amide on the potassium nickid cyanid(‘, 
Ni(CN)2.2KCN, Bohart obtained the compounds rcquesenliMl by IIk* 
respective formulas, 2KON.2Ni(GN)2.Ni(NIiK)2.8Nir3, 2K<'N.2Ni- 
( CN ) 2 .Ni ( NHKj 2 , 2KCN.Ni(ON)2.Ni(NHK)2 and Ni (( -N ) .,.2Ni- 
(NHK)2.3KNH2.4NH3. The nature of these compounds rmnains 
unexplained. 

Potassium Ammonocuprite, OuNKo.SNIIy, CUNK 22 NII 3 and 

Bergstrom, J. Am,. Chem. Soc., 48, 2882 (1926). 

15 Fraiikeiiburger, Andrusso and Diirr, Z. Electrochem., 34 632 (1928). 

i<J Bergstrom, J. Am. Chem. Soc., 46, 2634 (1924). 
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C11NK2.I The precipitate formed when equivalent quanti- 
ties of cupric nitrate and potassium amide are brought together in 
liquid ammonia solution is an ammonous cuprous nitride roughly of 
the composition of cuprous imide. When this precipitate is treated 
with a solution of potassium amide it dissolves to form potassium 
ammonocuprite, Cu.NH -f 4KNH2 = -f 4NH3. From the 

concentrated, cold solution the very soluble, deliquescent (in the 
sense that the product liquefies in an atmosphere of gaseous am- 
monia in equilibrium with liquid ammonia at laboratory tempera- 
tures) salt of the composition represented by the first formula 
abov(‘ separa.i(‘S as a crop of colorless crystals. This triammonated 
salt loses one mobnaih* of ammonia in vacuum at and at 100° 
gives a black prodiu't of the (*omposition represented by the for- 
mula, OuNKo.T-jNIT^ or Gu3N.()K]S[H2*^^ This black mass dissolves 
in liquid ammonia to form a colorless solution from which the tri- 
ammonated salt may again be ci*ystallized. A liquid ammonia solu- 
tion of ammonium nitrate added to a solution of potassium ammono- 
cuprite gives a colorless precipitate of ammonous cuprous nitride 
which on further addition of the acid dissolves to a colorless solu- 
tion of cui)rous nitrate. Treated with dilute aqueous nitric acid 
[)o(assium ammonocuprite is converted into a mixture of cuprous 
nitrate, ])()tassium nitrate and ammonium nitrate. Dilute aqueous 
sulfui-i(‘ acid forms cu])ric sulfate, metallic copper, potassium sul- 
fate* and ammonium sulfate. 

Potassium Ammonoargentate, AgN 1 1 K.N 1 1 Si 1 ver amide*, 

which is fornu'd as a wliite ])r(‘cipitate when potassium amide is 
add(Ml to silv(‘r iiitrat(* in li(|iiid ammonia solution, dissolves in ex- 
cess of ])otassium amide to form potassium ammonoargentate as rep- 
r(‘S(‘nt(‘d by t In* (‘(|nat ion, AgNIlo + "1“ 

salt s(‘paral(*s from <‘oncentrat(‘d solutions as well-formed crystals 
which withstand a temp<‘rature of lOtk or more without change. 
Ibuitcul to higinu* t(unp(‘ratur<‘s it d(‘comi)oses vigorously but with- 
out explosive* viol(‘nc(*. Nor does it explode when brought into con- 
tact with wat<*r or dilute* acid. This l)ehavior is in interesting con- 
trast with that of silv(*r amide which exi)lodes violently on the 
slightest provocation. 

Jji(l\ii(l ammonia, solutions of acids act on potassium ammoiio- 
argentate pr(*cipilat ing silver amiele which dissolves on further ad- 
dition of tin* acid to form the silver and potassium salts of the acid 
used. 

Potassium Ammonothallite, TlNI\2.4Nlf.., qdN K.-^N IT.- and 


17 Franklin, J. Am. ('hem. Soc., 34 , (1012). -xt 4.1- x . 

18 The analyii('al data, given by Franklin are in better agreement with this for- 
mula than with the formula, CuNKm.NH.-,. 

19 Franklin, J. Am. Chem. Sac., 37, 854 (1915). 
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TlXE^.lINHs^'’ Black thallium nitride dissolves in a solution of 
potassium amide to form potassium ammonotliallite in iiccordaiUH! 
with the equation, Tl^N -f = STINK^ + 4N1T.,. From the 

solution thus obtained beautiful jellow crystals of a salt of (be 
composition represented by the first of the above formulas may be 
separated by cooling the solution at proper concentration. Idie 
tetrammonate loses two molecules of ammonia when heated in vac- 
uum to laboratory temperatures and an additional two-thirds of a 
molecule as the temperature ap 2 )roaches 100°. The diammonatcal 
salt presents the appearance of an effloresced salt. Tlie final black 
product represented by the third formula above, or ])erlia]>s Ixdlcu' 
by the formula, TljN.CKNH,, undergoes gradual decomi)osition at 
temperatures around 100°. At somewhat higher ((“ni])era(urcs i(. 
explodes. The tetrammonated salt is also explosive. Fvcn so mild 
a shock as that brought about by the falling of a tube conlaining 
the salt through a few feet on to a wood floor resiiKs in a violent 
explosion. Potassium ammonothallite is decomposed by liquid am- 
monia solutions of acids. Ammonium nitrate for examj)le add(‘d (o 
a solution of the salt precipitates first thallous nitridi^ which lat(<u' 
on further addition of acid goes into solution as thallous nitrale. 

Potassium Ammonobariate, BaNK. 2 NH 3 .'‘ M’lum a soluhU; 
barium salt and potassium amide in excess are brought togelher in 
liquid ammonia solution a precipitate of the com])osi(iou i-('pr(‘- 
sented by the above formula is formed. As thus obtaiiuMl potassium 
ammonobariate is an amorphous or at best a micro-cr,\stalliuo prod- 
uct^whieh remains unchanged on e.xposure to tenqau’aluivs around 
100°. It dissolves in a liquid ammonia solution of ammonium ni- 
trate and is vigorously hydrolyzed by the action of wabu- lo barium 
hydroxide, potassium hydroxide and ammonia. 


Potassium Ammonostrontiate, SrNK.2Nn,. This salt has beam 
obtained by following a procedure similar to (hat describial above 
for the preparation of potassium ammonobariate. 1( closeh- resem- 
bles the ammonobariate in appearance and behavior. 

Potassium Ammonocalciate, CaNK.2Nir„ has Ikhmi luepare.l bv 
tie action of potassium amide in liquid ammonia solulion on me- 
tallic calcium and by adding calcium thioevanate lo an (‘xcess of 
potassiuiii amide. In appearance and genei'al i,roperii,>s it closelv 
le^-nibles the analogous barium and strontium compounds 
Potassium Ammonosodiate, NaNK.,.2NH,, or NaNll ‘'KNII -- 

sodiatrlltrt"^" i-^-pi-esents this compound as polassiuin ammono- 
sodiate «ith two molecules of animoiiia of cryslallizal ion, the sec- 


J- Phijs. Chern., 16, 682 (1912), 

oo ^oc., 37, 2205 1 1015) 

— Franklin, J. Fhys. Chem., 23, 36 (1919). 
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011(1 as a molecular componud of sodium amide and potassium 
amide. 

lliis com])()nnd lias been obtained by the action of potassium 
amide, in solution in liquid ammonia, on the slightly soluble sodium 
amide. The reaction involved may be represented by the equation, 
NaNlL +^ 2 KNIL, zn NaNIu + 2NH3, 01* simply, NaNH^ + 2 KNHo 1= 
NaNll^.-jIvNl 1 2, which ol course leaves the question of the constitu- 
tion of Ihe (‘ompound (piite unanswered, though it is not unreason- 
able to say that the stronger base acts on the weaker, and therefore 
amphoteric, base io form a potassium sodiate. 

1 otassium ammouosodiate has also been obtained as a crystalline 
precipitate by adding sodium iodide to an excess of potassium amide 
in soluliou in liipiid ammonia, and by allowing a solution contain- 
ing m(d:allic sodium and ])otassiiim amide, the latter in excess, to 
stand in (‘ouiact willi a small spiral of iron wire. The salt which 
may be oblaiued wc^ll crystallized, does not lose ammonia at 100° 
in vaiaium. At higher temperatures it melts, loses ammonia and 
attacks tlu^ glass c‘oiitainer. The compound is decomposed by liquid 
ammonia solulious of acids with the formation of salts of sodium 
and polassinm. For (‘xamjile, the action of ammonium nitrate is 
represenUal by Ihe e(|uaiion, Na,NK2.2Nll3 -f- SNII^N'Og ~ NaNOg + 
2 KN().j “|- (>N 11 .{. Potassium ammonosodiate is distinctly more solu- 
bl(‘ than sodium amide and much less soluble than potassium amide. 

Potassium Ammonolithiate, LiN K 2 * 2 NlIg. Ihire siiecimens of 
this sail ha\'(‘ Ixam obiained in th(‘ foi-m of minute, colorless, very 
slighlly solubl(‘ cryslals by adding lilhiiim iodide to an excess of 
])olassium amid(‘ and also by allowing metallic lilliium with potas- 
sium ami(l(‘ ill (^\c(^ss (o stand for a time in the presiuice of a minute 
(plant ity of |)latinum black. Lithium amide, formed in the one 
cas(‘ by th(‘ action of potassium amid(‘ on lithium iodide, in the other 
by th(‘ action of imhallic lithium on ammonia, uniti\s with potassium 
amid(‘ pr(‘S(mt in (‘X(‘(‘ss to form potassium ammonolithiate. The 
salt dissolv(‘s in liipiid ammonia solutions of ammonium iodide 
forming io(lid(‘s of jwitassiuin, lithium and aininoiiium. 

Mono-Rubidium Ammonosodiate, NaXll Kh.XlI... This com- 
pound has b(‘(‘u obtaiiKxl by dissolving sodium amide in a solution 
of rubidium amid(‘ and also by allowing a solution of the two met- 
als to stand in ('ontai't with a. very small (piaiitity of platinum 
bla(*k until th(‘ blue ('olor of tin* solution disappears. l>y properly 
comam t rat iug lh(‘ solutions obtaimal hy lh(\se procedures the com- 
])ound is (l(‘posit(Ml w(‘ll (‘lystallized. h]xce|)ting that it is much 
mor(^ solubh^ this salt r(‘S(Mnbl(*s jiotassium ammonosodiate in gen- 
eral app(‘aranc(‘ and h(‘havior. 

In view of the observations rcw'orded in the preceding pages to 
the elfect that potassium amide forms compounds with the amides 
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of practically all less positive metals including the amides of so- 
dium and lithium it was surmised that possibly the amide of the 
still more positive rubidium acting as an ammono base miglit react 
with potassium amide to form an ammonopotassiate of rubidium. 
However attempts to crystallize a definite compound from solutions 
containing rubidium amide and potassium amide were unsuccessful. 
The two amides separate as isomorphous mixtures varying in com- 
position with the composition of the liquid phase. 

Di-Rubidium Ammonosodiate, NaNRbo. 2 NHj 5 . From the solu- 
tion formed by dissolving sodium amide in an excess of rubidium 
amide a very soluble compound of the composition r(q>resented I)y 
the above formula separates well crystallized from highly concen- 
trated solutions. 

Mono-Rubidium Ammonolithiate, LiNHRb.NH^. A specimen ot 
this compound has been prepared by the action of a solution of 
rubidium amide on metallic lithium in the presence of jdatinum 
black after the manner described for the preparation of potassium 
ammonolithiate. Rubidium ammonolithiate is very slightly soluble 
in liquid ammonia. 


Potassium Ammono ceriate, Ce(NHK) 3 .xNH,, and Potassium 
Ammonolanthaniate, LafNHKjg.xNHg.-^ The first of tli(‘S(‘ com- 
pounds has been prepared by the action of a solution of poiassium 
amide in excess on metallic cerium and on cerium iodide, the oilier 
m a similar manner from metallic lanthanum and from lanihanum 
iodide. ^ Both compounds are obtained in the form of pivripiiuios 
containing from 2.5 to 3 molecules of ammonia. 


Potassium Ammonogalliate, KNGaNHK.3Nir,.*^^ lha'gsirom pri- 
pared an extremely soluble salt of the composition J‘(q)r(‘s(m((‘d by 
the above formula by the action of potassium amidc^ on imdallic 

gallium and has also found that a sodium ammonogalliate nrobablv 
exists. * 


23 Bergstrom, J. Am. Chem. jSoc., 47, 1836 (1925). 
“^unpublished observations. 



CHAPTER VIII. 
AMMONOHASIC SALTS. 


Sails <)1 many of the heavy metals when brought into contact 
with li(|iii(l ammonia undergo arnmonolytic decomposition in a man- 
ner enlirc‘ly analogous to the familiar hydrolytic decomposition 
brought aboul. by the action of water. Liquid ammonia ammono- 
lyz(^s (he normal sails to anunonobasic salts, liquid water hydrolyzes 
them to aquobasic sails. 

Ammonobasic Lead Iodide, Pb=N-Pb-I.2NH3, Pb=N-Pb-I.NH3.'' 
Th<‘se compounds may just as well be represented by other formulas 
including respectively, Pb3N2.Pbl2.4NIl3 and Pb3N2.PbI2.2NH3. 

Lead iodi(I(i dissolves abundantly in li(piid ammonia forming a 
cloudy solulion Irom which a small amount of a white precipitate 
of the composition rei)resented by the tirst formula above slowly 
sepa rales. 

When potassium amide is added in successive small portions to 
a lead iodidci solution (h(‘ normal salt is converted first into the 
insolubh^ ammonobasic salt, thence into lead imide which is like- 
wis(‘ insol ubl<‘, and linally into the very soluble potassium ammono- 
plumbil(\ Th(‘ I'caubions involved are represented by the scheme, 

I KNII, I KNir, -f KNUo 

ppp^ ^ lI^NPhl > rbNlI ^ PbNK, 

KI - KI MI, -Xlla 

in \\'hi(*h lh(‘ simpho' tormula, ILNPhl, insbaul of Ihe more conijih^x 
on(‘ gi\’(*n abov<‘ is us(m1 Io r(qu'(*s(mt Ihe ammonobasic sail. On 
h(‘atiug Ibis whil(‘ hasi(' salt in vacuum Io 200' i( is conviuOiMl 
into a brow'll producl of lh(‘ com|K)sil ion i'epr(\s(‘nl(Ml liy the s(‘cond 
of (h(i abov<‘ forimilas. 

This suc<'(\ssiv(‘ forma I ion of ammonobasic lead iodide, lead imide 
and polassiiim ammonoplumbih^ and llu* r(*verse convei'sion of po- 
lassinm ammonoplumbi l(‘, lirsi inlo h*^ad imide, thence into ammono- 
hasi(* hmd iodide and linally into lead iodide lend themselves readily 
to an insiruclivt' l(*clui'(‘ (‘xpin'inumt. 

A and of Uic ilir(‘(‘-l('g<,a‘(l roartion tii])o shown in -Figure 4 (see 
|). a;i ) coiiiain, r<'S|)('(d ivid y, li(|ui(l aninioniji solutions of aininoniiim iodide and 
potassium anii(l(‘, l,^eg Ji contains a small quantity of dilute solution of lead 

1 Kraiiklin, ./. Am. (Uivm. >S'oc., 27, (1005). 
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iodide. On pouring a few drops of potassium amide solutic^n carefully on to 
tlie surface of the solution of the lead iodide a precipitate is formed, the under 
portions of which are white, the upper portions brick red. The white part ot the 
precipitate is the ammonobasic salt, the colored part is lead imide. Wlum th(‘ 
tube is then shaken the lead imide, in the presence of lead iodide; solution, is con- 
verted into the pure white basic salt which settles to the bottom of leg B, 
Further careful additions of potassium amide, accompanied by thorough mixing 
of the contents of leg B gradually precipitates all tlie lead in the form of the 
colorless basic salt containing no admixture of lead imide. Continued axldition 
of small portions of potassium amide solution, care being takcm to k(H‘p the 
contents of leg B well agitated, brings about the gradual conversion of the puia^ 
white basic salt, through mixtures containing both the basic salt and lead imid(‘, 
finally, to the pure brick red imide. Further additions of potassium amide tluni 
dissolves the imide to a colorless solution of potassium ammonoplumI)it(‘. Th(‘ 
reverse process may now be brought about by pouring successive small portions 
of the hydriodie acid (ammonium iodide) solution from leg A into tin* solul.ion 
of potassium ammonoplumbite. Following the neutralization of excess of th(‘ 
potassium base a precipitate of lead imide appears. After all the lead is prcadpi- 
tated in the form of the imide, further additions of the acid gradually trans- 
forms the lead imide into the basic salt, which in turn finally dissol\'(‘s to form 
a clear, colorless solution of lead iodide. With considerable quantities of am- 
monium iodide and potassium amide in legs A and C, and a small (piantity of 
lead solution in B, the procedure thus described may be repeat(‘(l until the am- 
monium iodide and potassium amide are exhausted. Obviously potassium io(li(l(^ 
resulting from the action of hydriodie acid on potassium amide accumulates in B. 

Ammonobasic Lead Nitrate/ H^N-rb-NH-Pb-NO.,. Load iiiiralo 
dissolves readily in liquid ammonia but not to form a clear solu- 
tion. A small portion of the salt is ammonolyzed lo a colorlc'ss, 
insoluble, ammonobasic lead nitrate, which gradually scillcs fi-oiii 
the solution, and after the lapse of sutticient time Ik'coiucs cryslal- 
line. Addition of potassium amide increases Ihe anioiiiil of lh(“ 
basic salt, addition of ammonium nitrate dissolves il. TIi(> precipi- 
tated basic product was found to have a composiliou a|)pro,\inial iiig 
that represented by tlie above formula. 

Ammonobasic Aluminum Iodides, All,, ..VI (Nil.,) ...CNI I, .Vl- 
(NH,)XAUNH„)3.NH3 and Al(Nn)I.Al(NiL)3.» A soluble aiu- 
monobasic iodide of aluminum the comi)()silion of which is rcjin'- 
sented by the first of the above formulas lias been obfaiiu'd by adding 
somewhat le.ss than one and a half molecular equivalcals of polas- 
sium amide to a liquid aminouia solution coutaiiiiiig one molecular 
equivalent ot the very soluble alumimiiu iodide and cvap<»ratiug lo 
crystallization, at laboratory teiuperuhire, tlie soluliou of the basic 
salt thus formed. The crystallized salt does not lose its aiiiiuoiiia 
ot crptallization when heated in vacuum at 165 °. Wlion (his basic 
salt is crystallized from solution at — ;i:!° it retains not less (haii 
eighteen molecules of ammonia. 

2 Franklin, J. Am. Chem. Boc., 27, 846 (1905). 

3 Franklin, J. Am. Chem. Boc., 37, 847 (1913) '. 
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Wlicn polassiinn amide is added to a solution of this soluble basic 
salt a bulky, amorphous precipitate of an insoluble aminonobasic 
aluminum iodide reiu-esented by the second formula is formed. On 
heating' this compound in \aicuum to 100 ° it loses two molecules 
of ammonia lo yield a j)roduct of the composition represented by 
the third rormula. 

Ammonobasic Beryllium Chloride.^ A solution of ammonium 
cliloride in li(|uid ammonia dissolves metallic beryllium with the 
evolutioii of hydrogen to form normal beryllium chloride, which 
S(^I)arat(\s w(dl (‘ryslallized from cold concentrated solutions with 
four mol(‘cul(‘s of ammonia, BeCL.lNHg. The solution of the nor- 
mal salt furlluu* reacts with the metal yielding a slightly soluble 
ammonobasi(* salt ai)proximately of the composition represented by 
the formula, He(d,;BefNlL),.xNH 3 . 

Ammonobasic Beryllium Bromides, 2BeBro.Be(NH.,) o-SNH.., 
BeBr,.:iB(M Nn,),.SNlI, and BeBrJlBeCNH,) ,. 4 NH 3 . By dissolv- 
ing m(‘lalli(‘ Ixuyllinm in a licpiid ammonia solution containing one- 
half lh(‘ amount of ammonium bromide required to satisfy the equa- 
tion, Be + 2NI1, lir BeBr. -j- 2 NH 3 -f IL, Bergstrom obtained a 
solulion from whi(*h he isolated two ammonobasic salts. The one 
r(q)r(‘S(m((Ml by I he first of the above formulas is very soluble, the 
ollun* r(q)r(‘S(m(ed by llu^ second formula is slightly soluble. This 
lall(‘r sail, s(q)aral(‘s from solution with eight molecules of ammonia 
of cryslalliza 1 ion, four of wlii<*h it loses in vacuum at 20 °. 

Ammonobasic Beryllium Iodides, Bel..2Be(NHo) ..INIl^ and 
B(‘l 3 .r)B(M NlI.lo.INII... By the action of a, li(iuid ammonia solution 
of ammonium iodid(‘ on an (‘xc(‘ss of metallic beryllium Bergstrom 
obtaiiKMl two V(‘ry solubl(‘ ('ryslalliiie a.minonobasic salts re[>reseiited 
r(‘si)(‘('l iv(‘ly by (li(‘ abov(‘ formulas, and an aniori)hous, insoluble 
basi<‘ |)rodu(q of unknown composition. 

Ammonobasic Molybdenum Chloride, Mo( NHA Alot d,..10Xlf.,, 
Mol NM I., ) .j.Mot Tli(‘ amnionated ammonobasic salt was obtaimal 
as a brown pow(l(n' by lli(‘ action of li(iuid ammonia on insoluble 
molylxhmum t riclilori(l(‘. Exposed to the air it rapidly losers am- 
monia to form lh(‘ amnionia-fr(*e com]>ound. 

Ammonobasic Auric Chlorides. Two compounds ol the respect- 
ive formulas, Au(NIIA,(d and ILX [Au(X]I,)ClJ,, which were pre- 
pared by Whdtz^' by the action of aqua ammonia on gold chloride, 
ar(‘ to b(‘ look(‘d ni)on as ammonobasic auric chlorides. 

Ammonobasic Mercuric Chloride, JLX~lIg“tT.‘ Alien mercuric 

•1 r<nn, •/. .1/;). (Uifin. *S'oV., 50, 057 (lOiiS). 

r, l!,isciilu'iiii and Itraiin, Z. (uioni. ('hem., 46, .‘ill (1!)05). 

« Wnitz, tVtnm., 410, 117 (11)15). 

7 1<'raukliM and Kraus, Am. Chcin. J., 23, 2U0 (1000) ; Inuiklin, J. Am. them. 
Soc., 27, a41 (1005). 
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chloride and liquid ammonia are brought together a two-liquid phase 
system comes into existence, a less dense phase consisting of a 
dilute solution of mercuric chloride in liquid ammonia, and a denser 
one of the composition represented approximately by the formula, 
HgCl 2 . 12 XH.. At the same time a portion of the salt undergoes 
ammonolysis in accordance with the equation, 


HgCL + XH 3 = H.NHgCl + HCl, 


to form an ammonobasic mercuric chloride which with the lapse of 
time becomes crystalline. This basic salt is identical with the long- 
known infusible white precijntate. 

Ammonobasic Mercuric Bromide, Hg-N-Hg-Br.® A dense, y(‘l- 
low residue of this ammonobasic salt is left behind when mercuric 
bromide is dissolved in liquid ammonia wdiereas in the presence of 
a minute amount of ammonium bromide the salt dissolves com- 
pletely to a clear, colorless solution. Successive careful additions 
of potassium amide to this solution precipitates the ammonobasic 
salt, 2 HgBr 2 + = Hg-N~Hg-Br -f 3HBr, which, in turn, by 

further addition of the ammono base, is converted into mercuric 
nitride. 


Ammonobasic Mercuric Iodide, Hg-X-Hg-I. Mercuric iodide, in 
the presence of small amounts of ammonium iodide, dissolves abun- 
dantly in liquid ammonia to form a clear, colorless solution from 
which, with proper adjustment of concentration and tempera! mas 
the diammonated salt separates beautifully crystallized. On ex- 
posure to the atmosphere these colorless crvstals gradually los(‘ 
their ammonia of crystallization, thus efflorescing to the real anam- 
monous mercuric iodide. Addition of potassium amide lo the bhinid 
ammonia solution of mercuric iodide precipitates the ammoiiobasie 
wdide ^vluch m turn on ti-eatmeiit with excess of potassinni amid*, 
is converted into mercuric nitride. 

Ammonobasic Mixtures." A considerable nund.er of nielallic 
salts, mcluding .stannic iodide, zirconium iodide and certain halo 
^^en salts ot nmgsten, molyhdennni, antimony and nraninn, wIh' ,, 
nought into contact with liquid ammonia, have been found to im 
to form ammonobasic mixtures of i.:!:;;,:;;:; 

The Observations of Fitzgerald on tlie heliavior of stannic iodide 
m liquid ammonm are especially interesting in this coil'ion 

(1908), 29, 35 (1907) dleLj. 47 27, 

them. Soc., 29, 1695 (1907): Garret The/is VtoT.f 5 ^''‘‘''grrala, J. Aw. 

Strom, J. Am. Chem. Soc., 47 , 2317 (1^5) University, l|) 2 i; 
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Wlu'ii a small quantity of liquid ammonia is poured from tlie one leg of a two- 
l(^gg(Ml r(‘a{*tion tube (Fig. M, p. 25) upon a few erystals of stannic iodi(l(' con- 
tained in the s(‘coii(l l(‘g, the salt, in the presence of a small (piantity (jf am- 
monium iodide, dissolves to a dense, colorless, clear solution. When liquid am- 
monia is carefully ])Oiired upon the surface of this solution the separation of a 
white precipitate is observed occupying a zone between the concentrated solution 
of stannic iodide and the specifically lighter liquid ammonia. On shaking the 
tube, thus mixing its contents, the precipitate disappears. Again pouring liquid 
ammonia upon the surface of the solution the precipitate reappears to disappear 
again on shaking. The separation of the precipitate may be observed several 
times by repeating the operations thus described. After a relatively large amount 
of li(iuid ammonia has been added the precipitate becomes permanent and the 
separation of tin from the solution is complete as is shown by the observation 
that the addition of potassium amide to the supernatant solution fails to pro- 
duce any further precipitate. Distilling the solvent from the precipitate into 
the first leg of the reaction tube, thereby concentrating the solution of hydriodic 
acid (ammonium iodide), brings about the conversion of the ammonobasic tin 
iodide into the normal salt. Analyses of the precipitate showed it to be an 
ammonobasic mixture of indefinite composition. 



CHAPTER IX. 

MERCURY NITROGEN COMPOUNDS. 


Bj the action of aqua ammonia on mercuric oxide and on mer- 
curic salts a large number of products has been obtained concerning 
the nature of which widely divergent opinions have been expressed.^ 
According to the view of Rammelsberg, which in more recent 
years has been stoutly supported by Pesci, all the mercury ammonia 
compounds are assumed to be derivatives of so-called dimercuri am- 
monium hydroxide, Hg^NOH, or in other words, of ammonium 
hydroxide in which the four ammonium hydrogen atoms are re- 
placed by two atoms of mercury. According to Pesci dimercxiri- 
ammonium hydroxide and its salts are prone to the formation of 
hydrates and to union with ammonium and mercuric salts to form 
a large variety of double and complex salts. Thus Millon’s base is 
assumed to be hydrated dimercuriammonium hydroxide, Hg^NOPI.x- 
HoO; the so-called chloride of Millon’s base, a hydrated dimercuri- 
ammonium chloride, HgoNCl.xHoO; NessleUs precipitate, a hydrated 
dimercuriammonium iodide, Hg.NI.xHoO; the ammonated salt, 
HgCla-NHs, a triple salt of dimercuriammonium chloride, ammonium 
chloride and mercuric chloride, Hg.N01.3NH^C1.2Hg0U. Further- 
more Pesci sought to show that the familiar fusible and infusible 
white precipitates, two compounds represented most simply by the 
formulas, HgCLA^NH^ and HoNHgUl, are double salts of dimercuri- 
ammonium chloride and ammonium chloride as re])resen((Ml by the 
respective formulas, Hg,NCL3NH,(n and Ilg.NCl.NlI/;!, while 
Ray, following Ih^sci,- went so far as to represent the double salt 
of mercuric chloride and ammonium chloride, -TTgt^U.NIld d, as a 
hj^drochloric acid addition product of dimercuriammonium chloride 
Hg.NCLIHCl.^ 

1 Pesci, Ga,zz. Chim. ital., 19, 509 (1SS9), 20, 4S5 (1890), 2:. anon/, 

21, 3G1 (1899) ; Hofmann and Marburg, A/n/. Vhvm., 305, 191 (1S!)9),';^. auorq. 
Vheyn., 23, 120 (1899); Fiirtli, J/onabs-//., 23, H47 ( 1902); Pram.-ois, ('onnif. 
rend., 130, 332, 1022 (1900); Striimholm, Z. anorg. Vhcni., S7 , 72 (1!)()(S); 
\\ idman, Z. anorg. Chcm., 68, 1 (1910); (laudechon, Ayiii. Chi'm.\ [ <S | 22 145 

(1911) ; Franklin, J. Am. Chem. Soc., 27, 827 (1905), 29, 35 (1907), Am ()hcm 
J., 47, 361 (1912). 

2 Ray, Proc, Chem. &oc., 17, 96 (1901) ; Daninier, llandh. anorg. (JJicm.., 4 6,30 

(1913); Moissan, Traite chim. min., 5, 404 (1906). ’ * 

3 If following the Rammelsherg-Pesci theory the compound irg(4„.2Nir,, be 
formulated as a double salt of dimercuriammonium ciiloride and ammonium chlor- 
ide, Hg.NCl.SNH^Cl, then there appears to be no good reason why sucli a com- 
pound ata Agl.J^Hj, foi example, should not be a double salt of t(‘trar‘i^(‘nti- 
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Others,^ assuming the existence of several types of compounds^ 
formulate the fusible white precipitate as mercuridiammonium 
chloride, Hg(NH 3 Cl) 2 , ammonium chloride in which a mercury 
atom takes the place of one hydrogen atom in each of two molecules 
of the salt; the infusible white precipitate as ammonium chloride 
in which two ammonium hydrogen atoms are replaced by a mercury 
atom, HgNHgCl ; and the chloride of Millon’s base as oxydimercuri- 
ammonium chloride, (HgOHg)NHoCl. This formula represents a 
molecule of ammonium chloride in which the HgOHg group takes 
the place of two hydrogen atoms. 

According to still other writers the fusible and infusible precipi- 
tates are removed from the category of substituted ammonium salts 
and formulated respectively as ammonated mercuric chloride, 
HgCl2.2NH2, and amido mercuric chloride, H.NHgCl, leaving the 
salts of Millon’s base and related compounds to be formulated in 
accordance with the assumption that they are substituted am- 
monium salts. 

Now the Hofmann-Rammelsberg-Pesci theory concerning the na- 
ture of the mercuriammonium compounds is all but certainly er- 
'roneous. ((7/., however, footnote S.j In the writer's opinion they 
are without adequate foundation in experimental fact and should 
be replaced by a modified and extended form of Kane's amide theory. 

Long ago Robert Kane ^ clearly recognized the true nature of the 
mercury nitrogen compounds when he pointed out the facts, first, 
that the fusible white precipitate, HgClo-^NIL, is one of the many 
known compounds in which ammonia plays a part analogous to that 
played by water in salts containing water of crystallization, second, 
that the infusible white precipitate, HoNIIgOl, is a compound re- 
lated to ammonia as the ordinary basic salts are related to water 
and third, that the yellow, insol iihle compounds, later to become 
known as salts of yiillon's base and as hydrated salts of dimercuri- 
ammoniuin, are products resembling the ordinary basic salts. 

In agreement with Kane's views the writer has shown that all 

inoiiium iodide and ammoniiiin iodide and given tlie formula, AgiNI.SXIIA, or 
why even the hydrated barium chloride, BaC’L.iilLU, sliould not he regar(h‘d as a 
double salt of a barium oxouium chlori(b^ and oxonium chloride and given the 
formula, Ea;i0:.Cl:;.40HyCl. It is certainly just as reasonable so to formulate 
these solvated salts as it is to follow Pe.sei and represent ammonat(‘d mercuric 
iodide, HgIa. 2 NH 3 , which, as noted above, eflioresci-s on exposure at laboratory 
temperatures, as a double salt of dimercuriammonium i(jdide and ammonium 
iodide, Hg,NI.3NH,I. 

4 Gmelin-Kraut, Handh. anorg. Chem., 3, SIS, 840 (ISTo); Watts, Diet. Chem., 
3, 206 (1892); Ladenburg, Handworterh. Chem., 10, 14S (1892); Aljt'gg, Handh. 
anorg. Chem., 2, II, 866 (1905); Mellor, Treatise Inorg. and Theoret. Chem., 4, 
784, 999 (1923). 

5 Kane, Ann. chm. phys., 72, 337 (1839), ^‘Elements of Cheniistrv,’" Am. Ed., 

1843, p. 300. 
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tlie mercury ammoiiiiiiu coiupuiiuds may be regarded as members 
of three general classes of compoiiiids as follows: 1 , Normal mer- 
curic salts with ammonia of crystallization, 2 , ammonobasic mer- 
curic salts and 3 , mixed aquobasic-ammonobasic mercuric salts. A 
possible fourth class includes so-called Millon’s base, HgaNOH.xHoO, 
and its dehydration products which may be looked upon as mixed 
aquo-ammono bases formed by the dehydration of an hypothetical 
mercuric hydroxide amide, HOHgNHo. It seems questionable how- 
ever whether any of these reported products exist as definite chemi- 
cal compounds. 

1 . Mercuric Salts with Ammonia o£ Crystallization. Conspicu- 
ous among the properties held in common by water and ammonia is 
the ability of each to form addition products with a long list of 
metallic salts; water to form compounds knoAvn as salt hydrates or 
salts with water of crystallization, ammonia to form analogous com- 
pounds which may be called salt ammonates or salts with ammonia 
of crystallization/’ 

The ammonated mercuric salts represented by the formulas, 
HgCl2.2NH3, HgBr2.2NH3, Hgl2.2Nn3, are formed by the action of 
ammonia, either in the gaseous or liquid state or in solution in 
water, on the resi>ective mercuric salts provided that in the liipiid 
ammonia or aqua ammonia solutions the appropriate acid (am- 
monium salt) is present in sufficient concentration to prevent am- 
nionolytic decomposition of the normal mercuric salt. Like most 
hydrated salts these ammonated mercuric salts show an appreciable 
vapor tension. The crystals of ammonated mercuric iodide, for ex- 
ample, on exposure to the atmosphere exhibit the phenomenon of 
efflorescence in that the colorless crvstals lose ammonia and disin- 
tegrate to the red anammonous salt. 

“Excepting that the combination of ammonia with salts, like that 
of water, must be due to coordination"^ no attempt is made to 
explain the ^ nature of the fusible white precipitate and other 
compounds formed by the addition of ammonia to mercuric sails 


salts form addition products with ammonia as well as with 
octlmmonate'^Ca^^^^^ example forms a hexahydrate, CaCL.GlLO, and an 

with water^^ products simultaneously 

the formula ^^y^^^'^te-ammonate represcmled b’y 

known. Certain others conspicuous for their 
^kveirates do not form ammonates. Sodium carbonate and sul- 
late, for example, apparently do not form ammonates, while tlie halides of silwu- 

not Mdtif 

yineis winch toim both Indiates and ammonates when given, so to sneak tlwdr 
choice by erystalhzing them from a mixture of the two soh’eiits nS^ Z 

-"in 

‘ Sidgwick, ‘The'meSroffle ^ 0^^^101106,-''^^ 200 '(1^ 
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further than to have thus shown that they are to be looked upon 
as members of the large class of solvated salts.® 

Ammonated mercuric salts have been reported as follows,® 

3HgClo.2NH3 HgClo.l2NH3 SHgMNHg B.giCN) 

HgCL.NHs HgBivNHg Hg ( NO 3 ) 0 . 2 NH 3 

2HgCL.3NH3 HgBr3.2NH3 Hg(CN) o.:N^H 3 HgSO,.2NH3 

HgCL.2NH3 

2. Ammonobasic Mercuric Salts. As has been shown in another 
place (cf. Chapter VIII, p. 77) mercuric chloride under the action 
of liquid ammonia undergoes ammonolytic decomposition in accord- 
ance with the reversible equation, 

HgCls -f 2 NH 3 H.NHgCl + NH/n, 

to form an ammonobasic mercuric chloride. 

It happens that most ammonobasic salts, other than those of 
mercury, are hydrolyzed in the presence of water, from which cir- 
cumstance it follows that such compounds can be prepared only 
when liquid ammonia is used as solvent in which to carry out the 
necessary reactions, or in any event when the solvent used is other 
than water. The ammonobasic salts of mercury are conspicuous 
exceptions to the rule. Ammonobasic mercuric chloride is capable 
of existence in the presence of water and is therefore formed by the 
action of ammonia on mercuric chloride whether water is present 
or not. 

When ammonia is added to a water solution of mercuric chloride 
a precipitate of aimiioiiated mercuric chloride, HgClo. 2 X 113 , 1^ formed 
jjrovided ammonium chloride, which functions as an acid, is pres- 
ent in sufficient concentration to prevent the ammonolytic decom- 
position of the salt. Lowering the concentration of the acid ( am- 
monium chloride) below something like halt* normal, either by add- 
ing potassium hydroxide or by diluting the solution, results in the 
gradual conversion of the ammonated salt into the ammonobasic 
salt in accordance with the equation given above to represent the 

s If the wliitt* precipitate and, for (*xample dihydrated cii{)ric cliloridc, 

1)(‘ written as cooi’dination <*oniponnds, and Cu[ Olf./I.C!!., it follow s 

of (‘()urs(^ that tlie first foianiila may, in a way, }k‘ said to r(“]>rt's(*iit a inereury- 
su])stitiitod ammonium cliloridc; the second repr(‘sents two mohaniles of oxen i uni 
chloride in ixich of wiiich a liydro^en atom is rephna'd by a di\al(Oit eop{)er atom. 
Hofmann, nartmann and Nagel [Bct\, 58, SOS (Hr25)| state that ammonium 
chloride' acting as an acid reacts with metallic copper at elevated temperatures 
in accordance witli the equation, NH 4 CI -|- Cu zzr (CuNHalCd -|- M, to form a salt 
wiiich is to l)t‘ looked upon as aininonium chloride in which one of tin' hydrogen 
atoms is replaced by an atom of copper. 

0 Franklin, J. Am. (licm. Soc\, 29, 35 (1907) ; Holmes, J. Chou. Soe.. 113, 74 
(1918). 
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ammonolytic decomposition of mercuric chloride in liquid ammonia. 
Inversely, in water as in liquid ammonia, the basic salt is converted 
into the normal salt when the concentration of the ammonium chlor- 
ide solution is made sufficiently high. 

Insoluble ammonobasic products, represented by the following 
formulas, are recorded in the literature as mercuriammonium com- 
pounds. 


Hg,N3H3Cl3 

HgNH^Br 

Hg„NI 

HgNH,Cl 

HgjNBr 

HgoN^Ig 

Hg,NCi 

Hg,NHBr 3 

HgNHgF 

HgoNHOl^ 

HgsNjBr^ 

HgNH.NOg 

HgoNH^CIa 

HggNgHsoBrg 

Hg.NNOg 

Hg,NH,Cl 3 

Hg9N4Bre 

Hg„NNO„ 


HgNHJ 

ng'N(C 3 H 403 ) 


It is highly probable that some of these products are ammonobasic 
mixtures and not definite chemical compounds. 

3. Mixed Aquobasic Ammonobasic Mercuric Salts. Wlnai tlie 
practically insoluble ammonobasic salt, HoNHgCl, is washed willi 
water or aqua ammonia it is slowly converted into a yc^llowisli, in- 
soluble product which has long been known as the chloride of Mil- 
Ion’s base. The most reasonable interpretation of the reaction in- 
volved, which may be represented by the equation, 


2R^N-Y[g-C\ + H 3 O = HO-Hg-NH-Hg-Cl + Nir 3 + IK 1 , 


is to the effect that by the action of water tlie ammonobasic imu*- 
curic salt is hydrolyzed to a mixed aipiobasic aiumoiiobasii* salt."’ 

The properties and chemical behavior of the chlorides of Mi lion’s 
base support the view that it belongs to the class of basic sails. 
Like most basic salts it is insoluble and noncryslalline or a I besst 
microcrystalline. It is converted into the ammonal (‘<l imn'cui'ic 
chloride, HgClo. 2 NH 3 , by digestion with ammonium (diloridc^ solu- 
tion just as aquobasic salts are converted into normal sails by I In* 
action of aqueous acids, and is hydrolyzed to mer(*uri(* oxid(‘ by 
long-continued washing with water or with polassiuin hydroxide^ 
solution. 

Applying the principles of the Phase Eiile, as sugg(‘sl(‘(l by iMilhu* 
and Kendrick, Stromholm, Widman, and (Jaudechon ha\'(‘ (*on- 

10 One does not get very far in writing structural formulas for basic sails. In- 
stead of the above formula one may just as well write, 11.. N UgOl IgCl, 
HgO.H.NHgCl, HgCI,.Hg3N,.2H,0, 3HgCL.Hg,N,.()ngU.4N II,, or ahy one of a 
considerable number of other possible formulas. 

11 Miller and Kendrick, J. Phys. Chem., 7, 259 ( 1905) . 
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firmed the existence of the compound represented by the formula, 
HOHgNHHgCl, while at the same time their work eliminates some 
fourteen products, formed in various ways by the interaction of 
ammonia and mercuric chloride, from the list of known compounds. 

Finally some forty or more products formed by the action of am- 
monia on mercuric salts other than mercuric chloride have been re- 
ported as mercurianimonium compounds some of which are prob- 
ably aquobasic ammonobasic salts of definite composition while 
others are certainly basic mixtures. 

12 Franklin, J. Am, Ghem. Soc., 29, 35 (1907). 



CHAPTER X. 

AMMOXO CARBOXIO ACIDS. 


The formxilaj CCNHo}^, represents the unknown nitrogen analog 
of ortho carbonic acid. Assuming such a coinpouiid to lose am- 
monia stepwise as represented bv the top liorizonial rows in the 
scheme, 


C ( NH. ) , HN--C (NH J ^ (HN^^C-NH^ ) ^NH H^N-CN H N ( CN ) ^ 


(I) 


Guanidine 

ill) 


Biguanide 

(HI) 


H,CeN„ H,C,N„ 

Hydromelonio 

Melam Melem Acid 

(XII) (XIII) (XIV) 


('arhonic' 

Cyanamide Dicyaniniide Nitride 
(IV) (V) (VI) 

n 1 

(HjN-CN)^ 

Dicyandiamide 

(VII) 

11 I 

(H,N-CN )3 (IIC.N,)., 

TriryarimcL- 
Melamine amine 


(VIII) 



(IX) 

I 

( larboniQ 
Melon Nitride 

(X) (XI) 


it becomes obvious tlmt guanidine, biguanide, cyananiide, ai,<| di- 
cianimide ai-e to be looked upon as aniinono carbonic acids. Pbir- 
thermore dicyandiamide, melamine, tricyaiinielaniine, nudon, melam 
melem and p-dronielonic acid are amniono carbonic acids while (he 
tomulas (VI) and (XI) represent respectively monomoleciilar and 
polymolecular carbonic anammonides. Melon, a highly polymerized 

Sm u ’rf inhmhle and is not known to 

carbon f ! -a lieating any one of the ammono 

m-oducts 0^"^ n are noncrystalline, insoluble 

pioducts of rather uncertain chemical individuality. 
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Excepting that ortho-ammono carbonic acid and monomoleciilar 
carbonic nitride are unknown and that melon has not been con- 
verted into polymeric carbonic nitride all the transformations indi- 
cated in the table have been accomplished. 

Nomenclature. Following a procedure sometimes made use of in 
naming the numerous silicic acids and other complex acids we shall 
find it convenient to speak of the ammono carbonic acids containing 
one carbon atom in the molecule as ammono unicarbonic acids^ 
those containing two atoms as ammono di carbonic acids, those con- 
taining three as ammono tricarbonic acids and so forth. Accord- 
ingly guanidine and cyanamide are unicarbonic acids, biguanide, 
dicyanimide and dicyandiamide are dicarbonic acids. Melamine and 
tricyanmelamine are cyclic compounds. The one containing three 
carbon atoms in the molecule is a cyclic ammono tricarbonic acid, 
the other containing six is a cyclic ammono hexacarbonic acid. Hy- 
dromelonic acid, is a nonocarbonic acid. 

Acid Properties of the Ammono Carbonic Acids. Of the com- 
pounds listed in the table above dicyanimide, tricyanmelamine and 
hydromelonic acid are strong acids. In water solution dicyanimide 
and tricyanmelamine sharply redden litmus, dissolve alkali metal 
carbonates with the evolution of carbon dioxide, and conduct the 
electric current with a facility approaching that of the strong min- 
eral acids.^ 

According to Liebig - hydromelonic acid in water solution has a 
sour taste and reacts strongly acid while its potassium salt in \vater 
solution shows a neutral reaction. No one of these compounds forms 
salts by addition of hydrochloric acid. 

A(pieous sohitions of cyanamide and dicyandiamide are neutral 
in reaction. The former forms an unstable hydrochloride, the lat- 
ter does not form a hydrochloride. ^letallic derivatives of both 
compounds are known which, exce[)ting certain insoluble heavy 
metal salts, ai-e highly hydrolyzed in the presence of water. 

INlelamine, biguanide and guanidine show not the slightest acid 
properties in water solution. On the contrary melamine behaves as 
a weak base, biguanide and guanidine as strong bases. That is to 
say these comijounds are bases in the same smise that ammonia is 
a base in that they unite with acids to form salts and dissolve in 
water to give alkaline solutions. 

Certainly in respect to their behavior in waler solution dicyani- 
mide, tricyanmelamine and hydromelonic acid are strong acids, 
cyanamide and dicyandiamide are at best extremely weak acids 
while biguanide and guanidine show no acid properties whatsoever. 

In liquid ammonia solution on the other hand all these com- 

1 Madeliing and Kern, Ann. Chem., 427, 1 (1022 ). 

2 Liebig, Ann. Chem., 95, 257 (1855). 
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pounds ® behave as acids, guanidine the weakest acid among them, 
to the extent at least that it attacks metallic potassium with the 
evolution of hydrogen and reacts with potassium amide to form a 
dipotassium salt. 

Since our knowledge concerning acids and bases has been devel- 
oped largely in connection with the study of water solutions we 
have come, let us say, to look upon those substances which in solu- 
tion in water increase the normal hydrogen-ion concentration char- 
acteristic of pure water as acids and those which depress the hydro- 
gen-ion concentration or in other words increase the hydroxyl-ion 
concentration, as bases. Leaving water aside for the moment and 
turning to liquid ammonia it may be said that all those compounds 
are acids which in solution in liquid ammonia bring about an in- 
crease in the hydrogen-ion concentration beyond that of the pure 
solvent. Now liquid ammonia, like water, is an excellent ionizing 
solvent while at the same time its autoionization is far below that 
of the latter solvent.^ 

It therefore follows on the basis of the above considerations that 
many compounds such as guanidine, the acid amides and ami dines, 
may show acid properties in liquid ammonia, even though failing to 
do so in water solution. 

Hydrolysis of the Ammono Carbonic Acids. When heated in 
the presence of water the ammono carbonic acids without exception, 
and including carbonic nitride, are hydrolyzed to aquo carbonic acid 
and ammonia, cyanamide for example as represented by the equa- 
tion, HoNCN -f 2H2O = COo + 2NH3. Inversely carbon dioxide has 
been ammonolyzed to guanidine and water, COo + SNHa^HoNC- 
(NH)NH, -f 

Ammono Unicarbonic Acids 

Guanidine, HN=C(Nno)2. Preparatioji and Properties, 1 . The 
action of water and ammonia respectively on ethyl ortho carboinite 
might be expected to yield ortho carbonic acids as represented by 
the equations. 


C(0C2H,), + 4 H 2 O == C(OH), -f icui/in 
-f 4NH3 C(N 1 Y), + 4 (UIiOir. 

3 The behavior of bignanide in liquid ammonia lias not been invostigatcMl. 

4Carvallo [An«. Phiis., X. S., 2, 2US, 224 (1014); cf. Franklin and Kraus, 
J. Am. Chem. Soo., 27, 101 (1005)], prepared specimens of liquid ammonia show- 
ing a specific conductance as low as 4.0 X 10"“ Kohlrausch units. Comparing 
this value with that of pure water, 4.0 X 10-% it follows that the autoiouization 
of liquid ammonia is of the order of a thousandth or less that of water. 

5 Blair, J. Am. Chem. Soc., 48, 87 (1926). 
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As a matter of experimental fact, however, the products so obtained 
are carbon dioxide and ethyl alcohol in the one case, guanidine and 
ethyl alcohol in the other.^ Guanidine thus appears as a deammo- 
nation product of an hypothetical ortho ammono carbonic acid. 

2 . Good yields of guanidine have been obtained by heating carbon 
tetrachloride with highly compressed ammonia at 140°.'^ The equa- 
tion CCl, + 3 NH 3 = HN= 0 (NH 2)2 + 4HC1, in accordance with 
which the reaction takes place, may be said to represent the am- 
monolysis of a carbonic acid chloride to an ammono carbonic acid. 

3. Guanidine is formed by heating either cjmnamide or dicyandi- 
amide with ammonium salts.® The conversion of cyanamide into 
guanidine may be explained as consisting in the ainmonation of the 
one ammono carbonic acid to the other, 

H.N-CN + NH 3 H^N-C (NH) ]N^H 2 . 

According to Blair and Braham the formation of guanidine from 
dicyandiamide takes place in accordance with the scheme, H.>N-C- 

+ NII3 -fNI-Ia 

(NH)NH-CN ^ H.N-C(NH)NH-C(NH)NH 2 ^ 2H2N-C(NH)- 

NH 2 , which represents the ammonation of dicyandiamide first to 
biguanide and thence to guanidine. 

4. By the action of moderately concentrated sulfuric acid at tem- 
peratures around 140"’ dicyandiamide is converted largely into 
guanidine.'^ Here according to Davis tlie reactions take the course, 

-flT-.O -j-II.-O 

HoN-C (NH) NII-CN > ILN-C ( Nil j XH ( h ) X 11,, > 

-NFCi 

(I) ill) 

n.N-c (XU) xii-co-oii — > iDX-c (xn j xiL, 

(III) (IV) 

which is to say that dicyandiamide (T) is first hydratial to dicyandi- 
amidine (II), a mixed aquo-aniinoiio carbonic acid, which is then 
hydrolyzed to the aquo-aminono carbonic acid (III) known as 
guanylcarbamic acid. This acid, ])eing unstable in the free state, 
loses carbon dioxide thereby passing over into guanidine (IV). 

5. Guanidine is formed wdien in Ihpiid ammonia solution niethyl- 

<5 Hofmann, Ann. Chcrn., 139, H-l (ISCG); Bcr., 1, 143 (18GS). 

TStaliler, Bcr., 47, 000 (1914). 

s Ewan and Young, J. Soc. Chcm. hid., 40 , 100 (1921); Davi^^, d. Am. Chcm. 
Soc., 43, 2234 (1921) ; Blair and Braham, J. Am. Chcm. ^oc., 44, 2342 (1922) ; 
hid. Eng. Chcm., 16, S4S (1924). 

9 Davis, J. Am. Chcm. Soc.. 43, 009 ( 1921 i . 
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amine is treated with iodine or when heated with ammonium azide. 
Furthermore guanidine is formed by the action of iodine on ^ 
cyanic acid in liquid ammonia solution. As will be explained hye^i 
the conversion of methylamine into guanidine consists in the niti i- 
dation of an ammono alcohol into an ammono carbonic acid. (6/. 
Chapter XXYIII, p. 220.) The conversion of hydrocyanic acid into 
guanidine involves the nitridation of an ammono carbonous acid oi 
of formic acid anainmonide to an ammono carbonic acid. 

Guanidine has been obtained as a strongly alkaline, highly hygro- 
scopic crystalline mass. In water solution it behaves as a strong 
monacid "base which absorbs carbon dioxide with avidity and unites 
with mineral acids to form neutral salts. 

Metallic Salts. Eegarding guanidine as an ammono carbonic 
acid it might be expected that in liquid ammonia solution it would 
act on metallic amides to form salts after the manner of the forma- 
tion of salts by the interaction of acids and metallic hydroxides in 
water solution. As a matter of fact several metallic salts of guani- 
dine have been so prepared. However guanidine nitrate instead of 
guanidine itself was used in the preparation of these salts for the 
reason that it appears to be very difficult, if not practically impos- 
sible, to prepare guanidine entirely free from water.^° 

Dipotassium Guanidine, HX=C(XHK) 2 . Guanidine nitrate in 
liquid ammonia solution may be regarded as a mixture of aquo 
nitric acid and an ammono carbonic acid. When to such a solution 
potassium amide is added in excess potassium nitrate and the di- 
potassium salt of guanidine are formed, 

H5CX3.HXO, -f mxn, = icH.ox. + kno^ -f mii,. 

Since potassium nitrate is easily soluble in liquid ammonia while 
dipotassium guanidine appears as an insoluble precipitate the sep- 
aration of the two salts is easily accomplished. By the action of 
water dipotassium guanidine is vigorously hydrolyzed to guanidine 
and potassium hydroxide. 

W^hen guanidine nitrate and potassium amide were brought to- 
gether in the proportion represented by the equation, 

H,0X3.HX03 + 2KNH2 zn KH.CXs + KXO3 + 2NH3, 

a solution was obtained which on concentration gave a crop of two 
distinct forms of crystals. Since the one form was recognized as 
crystals of potassium nitrate the other must have been crystals of 
monopotassium guanidine. However a inonopotassium salt was not 
isolated and analyzed. 

10 Franklin, J. Am. Ohetn. Soc., 44 , 490 (1922). 
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Monosilver Guanidine^ Ag'N-C(NHo)2* When insoluble silver 
amide is digested for a time with a liquid ammonia solution of 
guanidine nitrate in excess monosilver guanidine and silver nitrate 
are formed, 

H5CN3.HNO3 + 2AgNH3 = AgH^CNs + AgN 03 + 

With the silver amide completely converted into silver nitrate and 
silver guanidine, the latter salt becomes the only insoluble com- 
pound of the sj^stem and is consequently easil}” isolated. 

Krall obtained monosilver guanidine and disilver guanidine, 
Ag^HgCNg, by adding silver nitrate to a strongly alkaline aqueous 
solution of guanidine nitrate. He obtained a copper salt, 
CUH3CN3, by treating a dilute water solution containing guanidine 
and a copper salt with alkali. 

Esters. Looking upon guanidine as an ammono carbonic acid 
it follows that its numerous known alkyl and aryl derivativ^'es are to 
be regarded as esters and as such to be ammonolyzable, N-N'-N"- 
triphenylguanidine for example to guanidine and aniline. Accord- 
ingly Memann found that in accordance with the equation, 

-f 3NH3 = HNiCfNHo). + 3 CeH-NHo, 

guanidine and aniline are formed when N-N'-N'^-triphenylguanidine 
and ammonium chloride are heated together in liquid ammonia for 
a time. 

The failure of triphenylguanidine to undergo ammonolytic decom- 
position when heated with potassium amide in liquid ammonia solu- 
tion may perhaps be interpreted as indicating that triphenylgnani- 
dine is an ester ot such an extremely weak acid that in its amniono- 
lytic behavior it resembles tlie ethers rather than the esters. How- 
ever no definite line can be drawn between (‘ompounds called esters 
and those known as ethers. Every one agrees that dimethyl oxide 
is an ether and that methyl formate and dimethyl carbonate, for 
example, are esters. One avoids deciding whether the com|)()und, 
CHo{OCH3)o, is an ether or an ester h\ calling it an acetal. 

Ester Salts. In view of the ex})eriniental difiiculties in the way 
of preparing metallic salts of guanidine itself the attempt was made 
to accumulate evidence in support of the view that guanidine is an 
ammono carbonic acid by a study of the behavior of liquid ammonia 
solutions of triphenylguanidine toward a number of ammono bases. 
Triphenylguanidine is formally a triphenyl ester of an ammono 
carbonic acid and since it contains two hydrogen atoms attached 

11 Krall, J. Chem. aS’oc., 107, 1306 (1915). 

12 Kiemann, Thesis, Stanford University, 1926. 
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to nitrogen it is at the same time a dibasic acid which should re- 
act with metallic amides to form salts. Moreover in view ot the 
fact that organic compounds in general are more or less soluble in 
liquid ammonia it was anticipated, and in fact found to he true, 
that the alkali metal salts of triphenyiguanidiiie would he found 
sufficiently soluble to permit their purification by the ordinary 
processes of recrystallization. 

Metallic salts of triphenylgiianidine as follows have hecui prepared 
by the action of the acid-ester, in liquid ammonia solid ion, on the 
respective ammono bases.^® 

Dipotassium Triphenylguanidine, Ct}Hr,N=^C(NKC(jirf 3 ) 

Disodium TriplienylguariidinG, Nag ( 0^11 JydNy and Nao(C( 5 rrj 3 - 

CN 3 . 3 NH 3 

Monosilver Triphenylguanidine^ AgII(OyIIrJ and Agll- 

(0A)3CN3.NH3 

Cuprous Triplienylgumiidine, CuH(Con 5 ) 3 CN;.. 

Monopotassium Diphenylguanidinc, KN 0 ( N 1 1 (J,j 11 r, ) ^, ha s been 
prepared by the action of pqtassium amide on N-N' diplienylguani- 
dine in liquid ammonia solution.^^"^ 

Metallic Salts of Dialkylguanidines. The ester sails of guani- 
dine described above were prepared by the action of N-N'-N^-tri- 
phenylguanidine on metallic amides which is to say (hat this aidd 
ammono ester acts on ammono bases in a inanmu* si riel ly analogous 
to the familiar action of aquo acids on aqiio bases in walor solid ion. 

Griswold has shown that potassium salts of N-N dialkylguani- 
dines are formed when N-N-dialkylcyaiiainidi^s and potassium amide 
are brought together in liquid ammonia at Imnpcu'al iinss around 
0 °. The reactions, Avhich take phice as n^prissiudiMl by the (‘ijua,- 
tion, K^NCN + KNH.z^R.NClNlljNlIK, (‘onsist in princijih^ in 
the ammonation of esters of cyanamide lo guanidim^ (‘stors and are 
closely analogous to the reaction involved in the formation of guani- 
dine from cyanamide by the addition of ammonia. Tln^se r(‘actions 
are analogous furthermore to the known hydralion of (dhyl meta- 
phosphate to ethyl orthophosphate, 

CoHaOPOo + 11.0 “ GJI,OIh)(()II ).. 

Griswold prepared the potassium and sodium salts of N N dial- 
kylguanidines named and formulated as follows. 

Potassium D imethylguanidine, ( CH.j ) .N-O ( N1 1 ) N 1 1 Iv 

Potassium Dietliylgmmdine, KH 3 ( 6 jT,)^CN 3 

13 Franklin, J. Am. Chem. Sog., 44 490 (1922). 

13 a Griffith,^ Thesis, Stanford University, 1929 . 

-S'oc**S5^*4019^tl933)^'^^^*’ University, 1920; Franklin, J. Am. Chcm. 
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Potassium Dl-n-propylguanidiney KH2(C3H7)2CN3 
Potassium Di-isolutylguanidiney KH2(C4Hg)2CN3 
Potassium Di-isoamylguanidme^ KHo(OgHii)2^^"^3 
Sodium Diethylgiianidim, NaH 2 (C 2 H 5 ) 20 N 3 
Sodium DUsohutylguanidme^ NaH'2(C4H9)2CN3. 

All these ester salts were obtained well crystallized and of sharply 
definite composition. 

When gently warmed in solution wfith potassium amide these 
ester salts are decomposed to form metallic cyanamides and the re- 
spective dialkylamines as represented herewith, 

R 2 ^^C (NH) NHK + KNHo == R.NH + + NH 3 , 

instead of forming di- or tri-potassium salts of the dialkylguani- 
dines perhaps might have been expected. 

Cyanamide, H^N'CN, All the known methods for the 

preparation of cyanamide and its salts as well as the many re- 
actions in which cyanamide takes part are in complete harmony 
with the view that it is a carbonic acid. 

Formation. Among the methods for the preparation of cyanamide 
either in the free state or in the form of its salts are the following. 

1 . The most familiarly known reaction for the formation of a 
salt of cyanamide is that concerned in the commercial preparation 
of calcium cyanamide. When calcium carbide is heated in the pres- 
ence of nitrogen calcium cyanamide is formed in accordiince with 
the equation, CaCo + ^2 = CaCNo -j- C, just as similar treatment 
with oxygen converts calcium carbide into carbonate of calcium, 
CaCo CaCOo + COo. The two reactions are obviously 

closely analogous. The first equation represents the nitridation of 
calcium carbide to calcium aiumonocarbonate, the latter its oxida- 
tion to calcium a(iuocarbonate. Tlie carbon in excess of the amount 
required for the formation of respective carbonates ai)pears in the 
one case in the free state, it is not nitridized to a carbonous or 
carbonic nitride, in the other it is oxidized to carbonic anhydride. 

When calcium cyanamide is exposcMl to the action of suj)erheat(Ml 
steam calcium aquocarbonate and ammonia are formed in accord- 
ance with the e(iuation, Cab'N. + ;>lf.d> = ( hiCOo + 2X11., which is 
to be read as representing the hydrolysis of a calcium ammono- 
carbonate to calcium a(iuocarbonate. Inversely when ammonia is 
passed over hot calcium carbonate calcium cyanamide and water 
are formed. That is to say the above equation read from right to 
left represents the ammonolysis of calcium a(iuocarbonate to cal- 
cium ammonocarbonate. 

In the abstract above ]‘efeia*ed to it is stated that barium and 
i-'I). n. i'hrm. Zcnlr., 1903, I, 077. 
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lead carbonates are converted into the respective salts of cyanamide 
in a similar manner. These observations have been confirmed in 
this laboratory and it has also been found that cyanamide salts of 
potassium, sodium and lithium are formed in small amounts when 
the carbonates of the respective metals are heated in an atmosi)here 
of ammonia. 

2. Sodium amide reacts Avith carbon at temperatures around 350° 
to 400° to form disodium cyanamide in a manner strictly analo- 
gous to the action of sodium hydroxide on highly heated carbon. 
The reactions involved are represented by the respective equations, 
2NslNB., + Cz=z NsioCN, + 4H and SNaOII + C i=: Na.CO, + Na + 
3H. In the first reaction carbon is nitridized to form a sodium 
ammonocarbonate, an equivalent amount of liydrogen being simul- 
taneously reduced to elementary hydrogen. In the second reaction 
sodium aquocarbonate results from the oxidation of carbon while 
metallic sodium and hydrogen appear as reduction products. 

3. The formation of sodium carbonate by the action of sodium 

hydroxide on carbon dioxide and of sodium cyanamide by the action 
of fused sodium amide on carbonic nitride, as repre- 

sented by the equations, 2NaOH + OOo = Na.CO., -f ILO and 
GNaNHo + = 3Na2CN2 + INHy, involves closely analogous re- 

actions. In the one case the aqno base acting on the acid an- 
hydride forms an aquocarbonate and water, in the other an ammono- 
carbonate and ammonia are formed by the action of the ammono 
base on carbonic anammonide. Not only carbonic nitride but the 
ammono carbonic acids in general are converted into sodium cy- 
anamide by the action of an excess of fused sodium amide.^^ 

4. All the ammono carbonic acids and aquo-ammonia carbonic 
acids as Avell as their many esters yield calcium cyanamide when 
heated with quicklime. Calcium cyanamide is the only calcium car- 
bonate which is stable at high temperatures. Independently there- 
fore of whatever intermediate reactions may take place Ernich 
uniformly observed the formation of calcium cyanamide when he 
heated his many carbonic acid derivatives with quicklime. 

5. Cyanogen chloride is the nitrogen analog of carbonyl clilori<h\ 
Huch being the case it follows that just as water acts ou car])OTiyI 
chloride to iorm aquo carbonic acid (carbon dioxide) so aininonia 
acts on cyanogen chloride, a carbonic niti‘ide-chlori(l(‘, to form 
cyanamide cvliich thus again appears as an ammono carbonic acid. 
The parallel reactions are represented by the e(iuations, 0(J(d.> + 
2mO = OC(()H), + 2nci ami NCCl -f NIL = NCNIT. + TKd. " 

Unpublished observations. 

1" Franklin, J. Am. Chcm. S^oc., 44, 508 (l!)e2). 

18 Emidi, J/ona if s/t., 10 , 334 (1891)). 
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Properties. In water solution cyaiiamide appears to be an en- 
tirely neutral siibvstanee. Siu-h a solution neither shows an appre- 
ciable electrical conductance nor does it have any effect on ordinary 
indicators. In liquid ammonia solution on the other hand it cer- 
tainly behaves as an acid in that it conducts electricity with fair 
facility/^ sharply discharges the red color of a liquid ammonia 
solution of phenolplithalein made alkaline by the presence of potas- 
sium amide, attacks certain metals with the release of hydrogen, 
and reacts with alkali metal amides to form salts. Under the action 
of metallic zinc cyanamide in dilute hydrochloric acid solution is 
converted into rnethylamine which is to say that an ammono car- 
bonic acid undergoes reduction to an ammono methyl alcohol. 

Metallic Salts. Making use of liquid ammonia as solvent in 
which to carry out the necessary reactions the following salts of 
cyanamide have been prepared.-^ 

Monopotassium Cyanamide, KHCNo-NH^. When cyanamide is 
added to an excess of potassium amide an amorphous, insoluble pre- 
cipitate of the dipotassium salt is formed. This precipitate dis- 
solves in a cyanamide solution to form a very soluble monopotas- 
sium salt which separates from cold concentrated solutions with 
one molecule of ammonia of crystallization.-- 

Acid Magnesi um Cyanamide, Mg(HCNo) 2.CNH3, Mg (HCN2) 2*- 
2NH3. A liquid ammonia solution of cyanamide attacks metallic 
magnesium with a fairly vigorous evolution of hydrogen. After a 
time well-formed crystals of the composition i-epresented by the first 
formula above separate from the solution. This amnionated salt, 
which is stable in vacuum at — 'AC, loses ammonia when warmed 
in vacuum at 20° to form the diammonated salt. A product of the 
composition of the moiiammoiiat(*d salt is obtained by heating the di- 
ammonated salt at 100° for a time.-'' 

Acid Calcium C yanamidC:, Ca (HONo) 2.2N1I.., CailKJNoto. Cal- 
cium amide, which is practically insoluble in li<iuid ammonia, is 
converted into a crystalline mass of the slightly soluble diammo- 
nated acid calcium cyanamide when allowed to stand in contact 
with a solution of cyanamide. Heated in vacuum at 100° the di- 
ammonated salt loses ammonia to form the anamnionous salt. 

Many metallic salts of cyanamide have long been known, among 

If Franklin and Kraus, J. d 7 n. Chem. Soc., 27, Fda (1005); Smith, J. Am. 
CJicni. >So(‘.. 49 ^ 21()4 (1027). 

Dreclisel, J. prakt. Chvm.^ [2] H, 319 (1875). 

-1 itiith Vh Fulton, Thesis, Stanford University, 1925. 

-- W'liether or not this compound may possibly be a salt of guanidine remains 
unknown. 

The statement of Franklin and Stafford {Am. Chem. J., 27, 103 (1902)] to 
the effect that they prepared a salt of the composition MgNCN must be erroneous. 
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them the acid calcium salt, Ca(HCN,),, and the aqnobasic calcium 

salt, (H0Ca),CN2.6H,0. 

Esters. Formation, 1 . Looking upon cyanogen chloride as the 
nitrogen analog of carbonyl chloride then, just as the latter acid 
chloride acts on ethyl alcohol to form ethyl aquocaibonate, so the 
former should react with ethylamine and with diethyl amine to form 
ethyl cyanamide and diethylcyanamide respectively. Hie action of 
cyanogen chloride on primary and secondary amines has apparently 
never been investigated. However, cyanogen bromide is known to 
act on ethylamine and on diethylamine as represented by the 
equations, 

( 1 ) NOBr + O2H5NH2 m NCNHO^H, + HBr 

( 2 ) NCBr + = NGNiC.R,), + HBr. 

A carbonic acid bromide, so to say of the nitrogen system, acts on 
the respective ammono alcohols to form a monoetliyl amuionocar- 
bonate in the one case and an N-N-diethyl animonocarbonate in the 
other. 

2 . Diethylcyanamide has also been prepared by the action of di- 
silver cyanamide on ethyl iodide. The close parallelism between 
this reaction and that involved in the formation of ethyl aipiocar- 
bonate by the action of silver aquocarbonate on etliyl iodide is ob- 
vious from a comparison of the equations, NONAgo + 2(Lirr,I = 
NCN(CoH5)2 + 2AgI and OC(OAg)2 + 20,11,1 = 

2 AgI, which represent the formation respectively of an amrtiiono 
carbonic acid ester and an aquo carbonic acid ester. 

3 . A third method for the preparation of a dialkyb'yaiiamide con- 
sists in the action of dimethylchloramine on potassium cyanide. Th(‘ 
equation, (CH3)oN-Cl + KN= :C == (CH3) dJ: EN + k(d, in ac- 
cordance with which N-N-dimethylcyanamide and potassium chlor- 
ide are formed does not represent a simple metathetic reaction. In- 
termolecular augmentation and reduction takes place whereby the 
carbonous acid carbon contained in potassium cyanide apjiears as 
carbonic acid carbon in the dimethylcyanamide while at the same 
time hypochlorous acid chlorine is reduced to hydrochloric acid 
chlorine. 

AmmonoJijsis. If the alkyl and aryl derivatives of (*yaiiamid(‘ are 
in fact ammono carbonic acid esters then, as the esters of arpio 
carbonic acid are readily hydrolyzed, so similar derivativacs of cy- 
anamide should undergo ammonolytic decomposition in accordance 
with the equations, 
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NCNHR + NH 3 = RNH 2 + NCNH 2 
NCNR2 + NH3 = R3NH + NCNH2 
RNCNR + NH 3 =: 2 RNH 2 + HNCNH, 

to form ammono alcohols and cyanamide. 

Of the three classes of esters of the respective formulas given 
above it happens that representatives of the second class only have 
been investigated with respect to their ammonolytic behavior. Gris- 
wold has shown that diethylcyanamide, dipropyl cyanamide and 
diisobutylcyanamide are ammonolyzed quantitatively in accordance 
with the second of the above equations, when the respective esters 
are warmed to about 40° in liquid ammonia solution of potassium 
amide. Dipotassium cyanamide is formed on the one hand, dieth- 
ylamine, dipropylamine and diisobutylamine respectively on the 
other. 

It is interesting to note the striking contrast between the am- 
monolytic behavior of triphenylgiianidine and the dialkyl deriva- 
tives of cyanamide. The former which is an ester of an extremely 
weak acid resists the action of potassium amide even at a tempera- 
ture of 80° to 90°, whereas the esters of the latter relatively much 
stronger acid are ammonolyzed with the greatest ease. 

Ester-Salts. A silver salt of phenylcyanamide, Ag(C 6 H 5 )CNo, 
obtained by the action of silver nitrate on phenylcyanarnide in solu- 
tion either in aqua ammonia or in alcohol has long been known.-^ A 
potassium salt, K(OcH 5 )CNo, of this acid ester is also known. 

Ammono Dicarbonic Acids 

Biguanide, j XII iNll.. Tins is an ammono 

dicarbonic acid to which any one of a number of tautomeric formu- 
las may be ascribed. It has been prepared by the deamnionation of 
guanidine, 2ILXMJ (XII ) XIL > ILX-C ( Xli ) Xll-C (XH jXHo, and 

-MI;: -hNHa 

by the ammonatioii of dicyandiamide, HoX-C (XH) X'lI-CX" ^ 

ILX-C(XH)XlDO(XiI)XfI,. The tii^t reaction takes place when 
guanidine hydrochloride is heated alone, the second when dicyandi- 
amide is heated in alcohol solution with ammonium chloride or when 
fused with ammonium nitrate.-^ 

-o (Uik* (iriswuld, Tlu'sis, Stanford University, 1026; Franklin, J. Atn. Chem. 

55, 4012 ( 10:i;j). 

Hofmann, Bcr., 18, 3223 (1SS4). 

Haiitzseh and Osswald, Bet\, 32, 650 (1S09). 

Havis, J. Am. Chem. Boc., 43 , 2234 (1021) ; Blair and Braliam, J. Ain. Chem. 
Boo., 44 , 2342 (1922). 
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Biguanide is obtained in the form of ils hydrated copper sal 
(C2H8N5)20 u. 2H„0, when dicyandiamide is heated witli an ammon 
acal solution of cupric hydroxide. Finally bigiuuiide is obtained i 
the form of its hydrochloride by the direct union of cyauamide an 
guanidine hydrochloride as represented by the equation, 


H^N-O (NH) + ISrCNH^ = H,N-C ( Nil ) NII-C ( NH ) NIT„.“8 


Examples of biguanide esters and ester-salts are phony Ibi'niai 
ide, CeH5NH-C(NH)NH-C(NH)NH„, its cop2)er, niclut and cobal 
salts, a-diphenylbiguanide, (CoH5NH)2C=N-C(NlI)NlE, and /j-d 
phenylbiguanide, (CeH5)2N-C(NH)NH-C(NH)NII,. A("tenipts hav 
not been made to prepare metallic salts of biguanide by means of rc 
actions carried out in liquid ammonia solution. 

Dicyandiamide. This is an ammono dicarbonic acid to wliicl 


H,N 


H.,N 


\ \ 

any one of the formulas, C-NH-ON, (1:N-(1N 

/ / 

HN H,N 


HjN 


^ N N 

\ / \ / \ 

C-N:C:NH, H2N-C C-NHj, HN^C (I-NIT., or 

tt/ \ / ■ 

HN N 


NH 


/ 

HN:C 


\ 


\ 

may be ascribed. No one of (li(“s(i fornnilaf 


NH 

has been established as representing the consliiniion of dicvandi- 
amide. 

When warmed in aqueous solution, wiili e.special facilily in Ihe 
presence of ammonia, cyanamide is converted into dicyandiamide 
as represented by the equation, 


H,NON -f HjNCN = H2N-C(NII) NH-<iN. 

The reaction involved in this dimerization of cyanamide to dicyan 
diamide is identical in principle with the ammonation of cyanamidi 
to guanidine and with its hydration to urea. Inversely when dicyan 

28 Joly, Compt. rend., 102, 760 (1886). 
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diamide is teated with potassium amide in liquid ammonia solution 
it undergoes depolvmerization to form cyanamide.^® 

When heated alone at a temperature somewhat above its melting 
point dicyandiamide is converted for the most part into melamine, 
which is a cyclic ammono tricarbonic acid, while at the same time 
a portion of the dicarbonic acid is depolymerized to cyanamide.^^ 
In water solution dicyandiamide behaves as a practically neutral 
substance.^^ In liquid ammonia solution it attacks potassium, mag- 
nesium and calcium and reacts with metallic amides after the man- 
ner of an acid. 

Metallic Salts. Using liquid ammonia as solvent in which to 
carry out the reactions involved the following salts of this ammono 
dicarbonic acid have been prepared.^^ 

Monopotassium Bicyandiamkley HoN-C (NH) NK-CN 
Dlpoiassium Dici/ancliamldey KoH^CoN^ 

Magnesium Dicyandiamide , Mg ( 11302 ^ 4 ) 2.^113 

Calcium Dicyandiamide, Ca(H3C2N4)2*^^H3j Ca (H3O2N4) 2.4NH3 

Cuprous Dicyandiamide, CuH 3 C 2 N 4 . 21 N'H 3 

Monosilver Dicyandiamide, AgH3C2iSr4, AgHgCgN^.NHj, AgHgCg- 
N4.2NH3 

The diammonated silver salt has been obtained by the action of di- 
cyandiamide, in liiiuid ammonia solution, on silver amide and on sil- 
ver oxide. The ammonia free salt has been obtained by heating the 
ainmonated salt and, as a crystalline precipitate, by adding am- 
monia to a water solution containing silver nitrate and dicyandi- 
amide.®^ 

PJicu yld i(\if(i ndla ni ide, ( \; 1 I-X 1 I-(U Nil j Xlh(/X. This compound, 
first obtained by Wheeler and Jamieson, and apparently the only 
ester of dicyandianiide on record, has been j>repared by the reduc- 
ing action of hydrogen sulfide on dicyanphenylaniideazide as repre- 
sented by the eiiuation, 

NON-C ( N:NEN j NHOJI, NC-X^C ( N IL 1 

Xothing is known concerning llie pro])erties of this ester as an 
acid though the preparation by Hart of a sodium salt of dicyan- 
phenylamideazide, which is stable in the presence of water, makes 

Hart, Tlicsis, Stanford l’iiiv(‘r.sit v. 102(1. 

Werner and Bell, J. ('hern. >Voe., 117, Udd (l!) 2 U). 

.-ii Bone and Perkin, J. Chem. Sloe., 67, 416 (1S05). 

^-Franklin, J. Am. Oheni. iSoc., 44, oOl (1022). 

3- Haag. Anil. Chem., 122 , 22 (1862). 

Wheeler and Jamieson, J. Am. Oheni. Soc., 25, 721 (1903), 

30 Hart, J. Am. Chem. Soc., 50, H>24 (1028). 



100 THE NITROGEN SYSTEM OF COMPOUNDS 

it highly probable that salts of this acid ester may be readily prc 
pared. 

Dicyanimide, HN(CN) 2 . When the copper salt of dicjanimidc 
suspended in water, is decomposed by means of hydrog-en sulfide j 
water solution of the free acid is obtained. Attein])ts to separab 
dicyanimide from solution have been unsucc(‘ssful because of th 
rapidity with which it polymerizes, and probably hydrolyzc^s, to in 
soluble, noncrystalline products of unknown com])osi(i<)n. 

The sodium salt has been obtained by the a('lion of (*yanogei 
bromide on disodium cyanamide in water solulion.'*^^ 

+ ErCN = NaN(ON) o + Na Ur. 


Dicyanimide is a strong monobasic acid water solutions of whid 
dissolve sodium carbonate with the release of carbon dioxide, sharply 
i^dden litmus and are excellent conductors of ehud/ricity. It re 
sembles cyanamide in its tendency to undergo polyinerizal ion anc 
to react with w^ater, ammonia and alcohol by direcd addition. Ac 
cording to Madelung and Kern, under conditions which need noi 
be considered here, dicyanimide unites with (1) waier to forin 
biuret, (2) with ammonia to form dicyandiamide and biguanide and 
(3) with ethyl alcohol to form 0-etliylcyanurea. TIi(‘ e(iuations iu 
accordance with which these reactions take i)lace, 

( 1 ) B.i^(om, + 2R,o = m{comi,), 

(2) H]sr(C]sr)2 + ]srH3r=HN(CN)c(Nii)Nir.,i--^'iiN|(UNn)- 

(3) HN (CN), + aH,OH = HN (CNj (J ( N 1 1 ) ( )( ',1 


represent, first, the hydration of the ammoiio dicin-boiiic acid lo an 
aquo-ammono dicarbonic acid, second, ils aniiiioiialion lo tlie re- 
speetiye ammono dicarbonic acids indicated and lliird, ils Tinion 
with aquo ethyl alcohol to form an O-elliyl a(|no-ainm()no-carl)onale. 

Metallic Salts and Esters. Using water as solvent 11i<; following 
salts have been prepared by Madelung and Kern and by Unrdick. 

S odium D icyanimide, NaN ( ON) „ 

Ammonium Dicyanimide, NH/t jsT,, 

Silver Dicyanimide, AgOoNg 
Cupric Dicyanimide., Cu(’C2K3)2 
Mercuric Dicyanimide, Hg^clNg)., 

MetJiyl Dicyanimide, CH^NCCnL.' This one known ester of dicy- 
ammide was obtained by Madelung and Kern as a crystalline solid 


36 Madelung and Kern, Ann. Ghem., 427 14 • lUnvii/.i- / r<i 

Soc., 47, 1485 (1925). )> iHiulick, J. Am. Chcm. 
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by beating a benzene solution of methyl iodide in contact with silver 
dicyanimide in a closed tube at 100 °, CH 3 I + AgN(CN )2 + AgT.®^ 


Ammono Polycarbonic Acids 
Melamine. This cyclic ammono tricarbonic acid, 


N=C(NH 2 ) 

NH-C(NH) 

\ 

/ \ 

N;=i 

HN:C 


/ 

\ 

/ 

N-C(NH,) 

NH-C(]SfH) 


is obtained ( 1 ) when guanidine, guanidine carbonate, cyanamide or 
dicj^andiamide is heated in the dry state, melam, melem and other 
products being formed at the same time, ( 2 ) along with ammeliiie 
and ammelide by heating salts of guanidine in aqua ammonia solu- 
tion,®® (3) in the form of beautiful crystals by heating liquid am- 
monia solutions of cyanamide or dicyandiamide at 90° for a time,®*'^ 
(4) by the action of ammonia on cyanuric chloride, on cyanuric acid 
esters and on trithiocyanuric acid esters. 

The formation of melamine from cyanamide probably takes place 
as represented by the scheme, 

+H.,NCN 

2 H 2 N-CN HoN-C (NH) NHCN ^ ^ H^N-C (NH) NH-C (NH) - 


Nn-C(NH) 

/ \ 

NH-CN -> nN:0 NH. 


]S'n-c(Nnj 

By a process which is in })rin(*iple animoiiation two molecules of 
cyanamide unite to form dicyandiamide. A third molecule adds it- 
self to the dicyandiamide molecule to form an unknown open chain 
ammono tricarbonic acid, whicli undergoing intramolecular ammo- 
nation, yields melamine. 

In a similar manner, it may be assumed, two molecules of cn^- 
anamide react with one molecule of cyanic acid to form ammeline, 
2 H 2 NCN -f- HNCO = CsH^ON^, one molecule of cyanamide with two 

3" Madelung and Kern, Ann. Chem., 427, 17 (1922). 

3S Krall, J. Ghem. Soc., 107, 1309 (1915) ; Davis, J. Am. Chem. Soc., 44, 2595 
(1922). 

33 Unpublished observations. 
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of cyanic acid to form ammelide, HjNCN 211 NCO = CslI^O^lS 
The familiar trimerization of cyanic acid to cyanuric acid uiidoul 
edly takes place in a similar stepwise fashion. 

The formation of melamine by the action of ammonia on cyannr 
chloride, on trimethylcyanurate and on trimethyllritliiocyanui'at 
as represented by the equations, 


C3N3CI3 + 3NH3 = C3N3(NH3)3 + 3HC1 
C3N3(0CH3)3 + 3HN3 = C3N3(NH3)3 + 3GII3OU 
C3N3(SCH3)3 + 3NH3 = C3N3(Nn3)3 + 3CIL,SU 


involves the ammonolysis respectively of a cyclic carbonic aci 
nitride-chloride, an ester of a cyclic aquo-ammono tricarbonic aci 
and an ester of a cyclic thio-ammono tricarbonic acid. Melamin 
is also found among the products formed by healing ammoniui 


thiocyanate, NH^SCN H3NCN and by heal ing melai 

with ammonia, + NH3 = 2 H„ 0 ,,N„.'^' 


Melamine is a base in the sense that it forms salts by direct niu( 
with acids. Contrary however to statements freciiiently made 
the effect that it is a strong monacid base^'^ it is, as a matler 1 
fact a very weak base. In water solution it has no effect on lilnn 
or on phenolphthalein. Moreover according to Liebig, its hvdr 
chloride in aqueous solution shows a strong acid read ion lo'wai 
vegetable color's. 

Metallic Salts. In liquid ammonia solution melaniim^ altacl 
metallic potassium with the evolution of hydrog(*n and r(‘a(;ls wil 
potassium amide after the manner of an acid. Two polassium sail 
and a silver salt have been prepared, moaopo/a.v.sa'a;;/ 
KH5C3N3.NH3, and tripotassium melamine, K3ir.|C,,N,„ by llu' aclio 
of potassium amide on melamine in li(inid aimnonia soliilion an 
disilver melamine, Ag3H,C3N3, by the action of arpia, a.minonia ’on Hi 
Silver nitrate melamine addition prodiiet, l,j( ‘ 

Esters. Alkyl and aryl derivatives of melamiiK' are k'mm n as cs 
and exo compounds depending upon whether the substi I tiling gronn 
are attached to cyclic or extra cylic nitrogen its repre.smilcd for th 

rimethyl esters, for example, by the form It liis (lit and (V) (V' 

below. V I V 

The methods of preparation and the hydrolytic behttvior of Ihcs 
compounds are in harmony with our assumption llnit they tire cat 


40 Ratlike, Ber., 23, 1675 (1890). 

41 JBeilstein, jS’awcZd. orff. C7im. 3rd Ed 1 at ■ i i 

Lehrl. org, Chem., 2iid Ed., 1, 2, 1337 (1913) ^ and JacohHoi 

42 Liebig, Chem., 10, i9’(1834) . ' 

43Eranklin, J. Am. Chem. Bog., 44. 505 (1922) 

^-Zimmermann, 7. 280 (1874). Not volume 9 us given in lloilstein, Or 
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bonic acid esters. The eso compound is formed by the polymeriza- 
tion of methylcyanamide and is hydrolyzed by the action of aque- 
ous hydrochloric acid to trimethyl isocyanurate and ammonia, 


3CH3NHCN 

(I) 


N(CH3)-C(NH) 

R'S-G'^ '\-CH3 

\ / 

N(CH3)-C(NH) 

( 11 ) 


-f-SHaO 

> 

-SNHa 


0::0 


N(CH3)-C0 

/ \ 


N(CH3)-C0 
(III) 


/ 


N-CH... 


The exo ester is formed by the action of methylamine on cyannric 
acid chloride and is readily hydi’olyzed to methylamine and cyanuric 
acid, 


N=C(C1) 

/ 

Cl-C 

\ 



N-C(C1; 

(IV) 


+ :,U'II;;NrTo 

> 

-3IIC1 


N::C(NHCH3) 

/ 

CH,NH-C 

\ 


\ 

N ^ 

/ 


N-C(NHCIl3) 


(V) 


NH-CCNCH,) 


N:C(on) 


-.'iir-o 


Cn,N;C NH 

NH-C(NCH3) 

(VO 


^ IlO-C' N 

\ / 
2^-c(on) 

(VI) 


NH-CO 


/ 

o=c 


\ 


\ 


Xll. 


NH-CO 

(vr) 


In accordance with the first scheme a methyl ester of an ammono 
imicai'bonic acid trimerizes to a trimethyl ester of a cyclic ammono 
tricarbonic acid, (I) to (II), which in turn is hydrolyzed to an 
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]^-N'-N''-trimetIiyl ester of a cyclic aquo-ammono tricarbonic acid 
(III) and ammonia. In accordance with the second a cyclic tri- 
carbonic acid nitride-chloride (lY) reacts with an amniono methyl 
alcohol to form a cyclic trimethyl ammonocarbonate (V) — an 
isomer of (II) and a tautomer of (V') — which hydrolyzes to an ann 
mono alcohol and a cyclic aquo-ammono tricarbonic add (VI) 
(YF). 

Both the cyclic ester (III) and the cyclic acid (YI) (VI') when 
heated with water are hydrolyzed, the first to inetliylamine and 
carbon dioxide, the second to ammonia and carbon dioxide. The 
ammonolytic behavior of these compounds has not been investi- 
gated. 

An example of an aryl ester of melamine is hexa|)henylmelamine 
which has been made by the action of diphenylamine on cyanuric 
chloride, 3 (C,H,),NH + 03^3013= [ (C„H3),N]„C3N3 + 3HCI. By 
the action of aqueous hydrochloric acid this ester is Iiydrolyzed to 
diphenylamine and cyanuric acid, 


[(C3H3)3N]3C3N3+3H30 = 


3(C3n3)3Nn-[-03n303N3. 


Tricyanmelamine, 


N 


0(NHCN)-N 

/ \ 


\ / 

C(]SrHCN)=N 


C-NHCN^ UN 


C( NON) -Nil 

/ \ 


\ / 

0 (NON) -Nil 


(J-NON. 


This cyclic hexacarbonic acid'‘= is a triiiier of dicyimiinidc just as 
melamine and cyanuric acid are triiners respec lively of cyuiiainide 
and cyanic acid. 

Preparation and Properties. Burdick obtained a spcu-iuKui of the 
well-crystallized hydrated acid, Il3G„N„.3ir30, by cvaporul ill" an 
aqueous solution of the acid at low temperature, ttu* solution baviii" 
been made by the action of hydrogen sulfide on the silver salt sus- 
pended in water. At 180° the hydrated acid loses walcu- of erys 
tallization. When heated to a higher temperature (he anhydrous 
acid polymerizes to melon. Tricyanmelamine shows couspicuoiislv 
the properties of an acid in that its water solution shaiq.ly reddens 
litmus and is an excellent conductor of electrieily. In waler solu- 
tion it IS more or less rapidly converted into amorphous, insoluble 
products of unknown composition. 

Madehmg ami Korn, Ann. 

uff ; IE’ = Burdick, J. Am. Chem. Soc., 47 1485 (lOZ.'i) • Bi rniow 

Ber,, 4 , 254 (1871), 13, 2201 (1880). , i3aiinow, 



AMMOKO GARBOl!lIC ACIDS 


105 


Metallic Salts. Tripotassium Tricyanmelamine^ When 

a mixture of potassium cyanide and mercuric cyanide is heated 
to dull redness a melt is obtained from which a limited amount 
of tripotassium tricyanmelamine can be extracted by means of 
hot water. The formation of the salt, it may be assumed, takes 
place in accordance with the scheme, 

KNC KN ( ON) , ^ 

which represents first the nitridation of potassium ammonocarbon- 
ite to an ammonocarbonate, cyanogen from the mercuric cyanide 
functioning as nitridiziug agent, and second the trimerization of 
dicyanimide to tricyanmelamine. The nature of the reduction 
product which is represented by C in the scheme remains unknown. 

Trisodium Tricyanmelamim, ’Nsl^GqNq, NaaCeNg.SHgO, NagCeNg.- 
SIsTHg, has been prepared by methods briefly described as follows. 

1. By the action of fused sodium amide on a slight excess of melon 
Franklin obtained trisodium tricyanmelamine which he mistakenly 
called sodium dicyanimide. Burdick prepared the same salt by the 
action of fused sodium amide on an excess of dicyandiamide. 

2. When the monosodium salt of dicyandiamide is heated it is 
converted into trisodium tricyanmelamine. It may be assumed that 
the acid salt first loses ammonia, 

= NaN(CN) , + Nn 3 

and that the sodium salt of dicyanimide thus formed undergoes 
polymerization to the trimeric form. 

3. When sodium dicyanimide, prepared as described above by the 
action of cyanogen bromide on disodium cyanamide, is heated it is 
trimerized to trisodium tricyanmelamine. 

Trisodium tricyanmelamine is moderately soluble in cold water 
and abundantly soluble in the hot solvent from whicli it sei)ai-ates 
in needle-like crystals containing three molecules of water of crys- 
tallization. It is also readily soluble in li(piid ammonia from which 
solution it crystallizes Avith three moh^cules of ammonia. The hy- 
drated salt loses its water of <-rystallization around BiOh Tla^ 
anhydrous salt melts at a higher temperature and then resists fur- 
ther change up to a temperature approaching redness Avhen it de- 
composes into sodium cyanide, cyanogen and nitrogen. Boiled 
with aqueous sodium hydroxide it yields as final products sodium 
aquocarbonate and ammonia. Heated with water alone in a sealed 
tube it is converted into sodium carbonate, carbon dioxide and am- 

46 Franklin (ref. 45) mistakenly described this and otlier salts of tricyan- 
nielamine as salts of dicyanimide. 
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monia. Water solutions of trisodium tricyanmelaiiiiiie react alk 
line with litmus. 

Monosodkm Tricyanmelamine^ NalIJJ^jN,j. 2 H^O. 

On acidifying a warm aqueous solution of trisodiiiin trh'yaiimeiar 
ine and setting aside for a time the hydrated monosodium salt cry 
tallizes from solution. This salt loses its water of crystal lizatio 
on being heated. 

Excepting as otherwise noted the following salts have been ol 
tained from water solutions. 

Monanimonium Tricyanmelaminej 

Trisilver Tricyanmelamim^ AggCeNg, Ag^CoNo.SNJTjj. The anim( 
nated salt was prepared by the interaction of silver nitrate and tr 
sodium tricyanmelamine in liquid ammonia solution. 

Magnesium Tricyanmelainim, Mg3(06N9)jj, 

Barium Tricyammelamine, BUg ( ) o, Ba-j ( ) ..0 1 IJ). 

Cupric Tricyanmelamine, OUg ( CoNg) 2, (Jiig ( ) .J) 11 ,0, (in. 
(C6N9)2.12]SrH3. On mixing cupric nitrate and trisodiunr tricyar 
melamine in liquid ammonia solution the copper salt of tri(*ya,nmel 
amine separates in the form of blue crystals containing’ twelvi 
molecules of ammonia. 

Acid Cupric TricyoAimelamine, 011(1120(5^9)2. 

Nickel Tricyafimelamine, Ni3(CsN9)2.9H26. " 

Manganous Tricyanmelamine, Mna^C^NJ. 

Lead Tricyanmelamine, Pb3(C„N„),.GNIT,. When nil riilc aiic 
trisodium tricyanmelamine are brought together in li(|ui(] uninionii; 
solution a dense, white precipitate of tlie aminonahHl lead salt h 
formed. 

Tricyanmelamine Trimethylesier, (0113)3(1,,^,. Madeinng and 
Kern prepared this one known ester of iricyaniiKdiiiniiK; by llu^ in- 
teraction of methyl iodide and trisilver tricyaninelainiiH'. Nothin"' 
is known of its ammonolytic behavior. 

Hydromelonic Acid, Cyamelon, HaOuN,.,."" 
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This is a strong tribasic eyclic-ammouo carbonic acid. It is 
known in the free state in water solution and in the form of metallic 
salts.^'^ 

Metallic Salts. Trlpotasslum Melonate, 

K3C9N13.5H.O. Liebig obtained the pentahydrate of this salt by 
heating a mixture of potassium thiocyanate and antimony chloride, 
extracting the resulting melt with water and evaporating the solu- 
tion thus obtained to crystallization. Just what reactions are in- 
volved is not clear though in a general way it may be assumed that 
they follow the course represented by the equations, 

3 KSCN + SbClg = 3 KC 1 + Sb(SC]S[)3, 

4 Sb(NOS) 3 2 Sb 3 S 3 + 3CS2 + 3 C 3 N^, 

6KNCS + 5C3N, = 2K3C9N13 + 3 CSo, 

which is to say that an unknown, and presumably unstable, anti- 
mony thio-ammono-carbonate (antimony thiocyanate) formed by the 
action of potassium thiocyanate on antimony chloride, breaks down 
to form antimony sulfide, carbon disulfide and carbonic nitride and 
that this carbonic anammonide reacts with potassium thio-ammono- 
carbonate to yield the potassium ammonocarbonate and carbon di- 
sulfide. Potassium melonate separates from water solution with 
five molecules of water of crystallization, four of which it loses at 
120 ^ At 150 "’ the anhydrous salt is formed. 

Dipotassliiiii Ilclonate, KoHC9iN\3.3noO. 

Monopoiassiutii Melonate, KH0O9N13. The water solution of this 
slightly soluble salt shows a strong acid reaction. 

Trisodiuni ^lelonatc, Na.; 0 .,Ni;., Na^CjjNio.oH.O. Following Lie- 
l)ig*s process for the preparation of potassium melonate and substi- 
tuting sodium 1 hiocyanat(‘ for the potassium salt lUirdiek obtained 
beautifully cryslallized speciineiis of the peiitahydrated sodium salt. 
At moderately elevat(Hl teni[)eratures the hydrated salt loses its 
wat(‘r of crystallization, 

TrisUver Melon(it(\, Ag/J^Xj., Ag3C9X^3.GXIl3. On bringing so- 
dium melouat(‘ and silvei- nitrate together in li<[uid ammonia solu- 
tion a crop of colorless crystals of the hexammonated salt separates 
from the solution. The trisilver salt free from solvent of crystalli- 
zation is obtained as a colorless, insoluble precipitate when silver 
nitrate is added to a water solution of tripotassium melonate. 

Liebig, Ann. CJtcm., 10, 45 (1834); 50, 337 (1844); 95, 273 (1855); Vol- 
liardt, J. prakt. Chem., 9, 29 (1836); Laurent and Geriiardt, Ann. Chim., [3J 
19, 107 (1847); Burdick, J. Am. Chem. Soc., 47, 1484 (1925). 



CHAPTEE XI. 

AQUO-AMMONO CAEBOXIC ACIDS. 

Below are given the formulas for five hypothetical ortho carbonic 
acids together with the formulas for their dehydration and deam- 
monation products. 

C(OH)^ C(NH.)(0H)3 C(NHo)2(OH)o C(XH2)30H C(NH,)4 

\i/ \ i/ \ / \ i/ 

OC(OH)o 0C(NH2)0H 0C(NH2)2 HNG(NHo)o 

\ i/ \ / \ 1/ 

CO 2 COXH HNCXH 

Of the ortho carbonic acids formulated the first is known in the 
form of esters only, the other four are quite unknown. Aquo car- 
bonic acid, represented by the sixth formula, is known in the form 
of salts and esters but not in the free state. The ammono carbonic 
acids, the ninth and twelfth formulas, have been considered in the 
preceding chapter. A discussion of the three aquo-ammono carbonic 
acids represented by the seventh, eighth and eleventh formulas fol- 
lows. 


Aquo-ammono Unicarbonic Acids 

The three known aquo-ammono carbonic acids containing one 
carbon atom in the molecule are cyanic acid, carbamic acid and uiea. 

Cyanic Acid, HXCO, HOCX. If it could be assumed that the 
oxygen atom in cyanic acid is definitely bound by both its valences 
to the carbon atom as represented by the first of the above formulas 
then this compound, as a derivative of ammonia in whicli hydrogen 
is substituted by the acid-forming carbonyl group or as a deriva- 
tive of water in which all the hydrogen is replaced by the CXJI 
group, might properly be looked upon not as a mixed aiiiio-ammono 
carbonic acid but rather as a compound which is at the same time 
an ammono carbonic acid and carbonic anhydride. On the other 
hand the second formula may be said to represent an aquo carbonic 
acid carbonic anammonide. As a matter of fact cyanic acid, like 
all acid imides and amides, is a tautomeric compound and therefore 
without definite structure in so far as the attachment of the hydro- 
gen atom is concerned. The acid is to be represented by either of 
the above formulas. The metallic salts of cyanic acid are aquo- 

108 
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ammono-carbonates and as such may be represented by any one of 
the formulas, M-O-CEN or (NCO)- M% excepting that in 

the case of the mercuric salt, according to Hantzsch,^ the metal is 
definitely attached to nitrogen. 

In support of the view that cyanic acid is an aquo-ammono car- 
bonic acid it will be worth while to pass in review some of the meth- 
ods for making the acid and then to consider a few examples of its 
characteristic reactions. 

Formation, 1. At high temperatures carbon monoxide, which 
may be said to be the anhydride of an hypothetical carbonous acid, 
is nitridized to cyanic acid by the action of ammonia, 

CO -f NH, = OCNH + 


just as under similar circumstances it is oxidized to carbon dioxide 
by the action of water. A mixed aquo-ammono carbonic acid is 
formed in the one case, an aquo carbonic acid or rather its an- 
hydride in the other. 

2. Cyanic acid, in the form of its potassium salt, is formed by the 
action of potassium hydroxide on cyanogen bromide. The reaction, 
which is represented by the equation, 

2KOH + BrCN = KOCN -f KBr + H.O, 

consists, in principle, in the hydrolysis of a carbonic acid bromide 
to a potassium aquo-ammono-carbonate. 

3. Potassium cyanate is formed by the action of oxidizing agents 
on potassium cyanide. Looking upon the latter compound as an 
ammoiiocarbonite of potassium, it follows that its conversion into 
potassium cyanate may be interpreted as consisting in the oxida- 
tion of potassium amnionocarbonite to a potassium aipio-amim mo- 
carbonate. 

4. Potassium liydroxide acts on cyanogen to form potassium cy- 
anate and potassium cyanide. Since the stage of augmentation of 
carbon in cyanogen when represented by the formula, XEC-CEX, lies 
between that of the carbon in hydrocyanic acid on the one hand 
and of the carbon in cyanic acid on the otlier, it may be said tliat 
the action of potassium hydroxide on cyanogen involves the aug- 
mentation of the one cyanogen group to cyanic acid and the reduc- 
tion of the other to hydrocyanic acid as represented l)y the equation, 

NE IC : Cl EX -f H.O = BX= :( h =0 ^ XE IC^ -Oil + IIX" F ^ TIPI EX 

UTantzsch, Bcr., 35, 2717 (1902). 

2 Jackson and Northall-Laurie, J. Chan, Soc,, 87, 433 (1905). 
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5. Cyanic acid, or rather its trimer cyanuric acid, is formed by 
the action of potassium hypobromite on formamide. Presumably a 
Hofmann rearrangement takes place, 

HCONH„ HCOXH- -Br Bi- -COXH, ^ HN= :C: =0 ^ 

- _H..O -HBr 

H3N3Ca03, 

which involves the augmentation of formic acid carbon to carbonic 
acid carbon and the concomitant reduction of hypobromous acid 
bromine to hydrobromic acid bromine. 

6. Potassium formamide, which is obtained by the action of po- 

tassium amide on formamide in liquid ammonia solution, readily 
decomposes to form potassium cyanate and hydrogen as represented 
by the equation, HCONHK = KNCO + By intramolecular 

augmentation and reduction a formic acid salt is converted into a 
carbonate while hydrogen is at the same time reduced to the ele- 
mentary state. 

7. Cyanic acid in the form of its potassium salt is one of the 
products formed by the action of ammonia on hot potassium car- 
bonate.^ One may say that potassium aquocarbonate is thus am- 
monolyzed to a potassium aquo-ammono-carbonate. Potassium cy- 
anamide, which is formed at the same time, is a product of the com- 
plete ammonolysis of potassium aquocarbonate. 

8. When sodium carbamate is heated it loses water and passes 
over into sodium cyanate, HoNCOONa =: NaNCO -f H.,0, the one 
aquo-ammono-carbonate undergoing dehydration to form the second. 

9. Urea, when heated with^ alcoholic potassium hydroxide, is con- 
verted into potassium cyanate, assuming the intermediate tormation 
of a potassium salt, in accordance with the equation, 

H„NCONH„ H,NCONHK > KNCO. 

Simply by heating urea in the dry state cyanic acid, along with 
other products, is formed. 

Reactions. Cyanic acid and the cyanates enter into a very larger 
number of I'eactions all of which may be regarded as involving tln^ 
action of an a(iuo-ammono carbonic acid. 

1. Cyanic acid reacts readily with water to form carbon dioxides 
and ammonia, which is to say that the a(iiio-ammono carbonic acid 
is hydrolyzed to aquo carbonic acid. 

2. Wohler’s synthesis of urea by the rearrangement of ammonium 

3 Ruth V. Fulton, Thesis, Stanford University, li)25. 

Siepermanii, Ber., 20, Kef., 180 (1887). 
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cyanate may be explained as consisting simply in tlie ammonatioii 
of the monobasic aqno-ammono carbonic acid, to the formally 
tetrabasic aqno-ammono carbonic acid, OCNH + = OC(NH 2 ) 2 . 

Thus interpreted the reaction differs nowise in principle from the 
reactions involved in the hydration of any of the ordinary acid an- 
hydrides and pyro acids. 

3. Cyanic acid in the free state as well as in the form of its salts 
and esters enters into a large number of addition reactions which in 
principle are identical with the reaction involved in the formation 
of urea by the ammonation of cyanic acid and the hydration of an 
acid anhydride to an aquo acid. Thus cyanic acid unites, (1) (la) 
with amines to form substituted ureas, ( 2 ) with alcohols to form 
carbamic acid esters, (3) with other aquo-ammono carbonic acids, 
with urea for example, to form biuret, (4) with carbamic acid esters 
to form esters of allophanic acid, (5) with ammono carbonic acids, 
such as cyanamide, to form cyanurea, and with guanidine ( 6 ) to 
form dicyandiamidine and finally even with itself (7) to form di- 
cyanic acid and cyanuric acid. The respective reactions involved 
are represented by the equations, 

( 1 ) OClSrH + RHNs = H^N-CO-NHE 

(la) OCNH + = H^N-CO-NRo 

(2) OCNH + ROH HZ HoN-CO-OR 

(3) OCNH + H.N-CO-NH. — HoN-CO-NH-CO-NH. 

(4) OCNH -f HoN-CO-OR = HoN-CO-NH-CO-OR 

(5) OCNH -f H^N-CN — HN-CO-NH-CN 

( 6 ) OCNH + HoN-C(NH)NHo — H 2 N-C(NH)NH-CO-NH 2 

(7) OCNH O.C.N.H. -> O 3 C 3 N 3 H 3 . 

This conspicuous tendency on the part of cyanic acid to unite with 
alcohols, ammonia and the amines, with other carbonic acids and to 
undergo polymerization, properties which it shares with cyanamide 
and dicyaniniide, is shown in a very subordinate degree, if at all, 
by a(iuo carbonic acid and carbon dioxide. 

Salts and Esters. Many metallic salts and N-esters of cyanic acid 
are known of which potassium cyanate, KOCN ;=± KNCO, and ethyl 
isocyanate, C.H^NCO, are examples. No 0-esters of cyanic acid 
have been prepared. 

Carbamic Acid, HO-CO-NH. ^ HO-C ( NHj OH. This is a mixed 
aquo-ammono carbonic acid known in the form of salts, esters and 
ester-salts but not in the free state. 

Formation. 1. Carbamic acid is obtained in the form of its am- 
monium salt when ammonia and carbon dioxide are brought to- 
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t gether either in the gaseous state or in water solution. The reac 
tion between the dry gases consists in the ammonation of carbonic 
anhydride to form an aquo-ammono carbonic acid, 

GO, + NH 3 h;KCOOH, 

which immediately unites with a second molecule of ammouia tc 
form the ammonium salt. The same reaction, presumably, takej* 
place in water solution, though it is possible in this case to inter- 
pret the reaction as consisting in the partial ainmonolysis of an 
aquo carbonic acid to an aquo-ammono carbonic acid, 

HOCOOH + NH 3 = HOCONIT 3 + 11,0. 

2. Just as carbamic acid is formed by tlie partial ainmonolysis 
of aquo carbonic acid so also it is formed by the partial hydrolysis 
of an ammono carbonic acid. Cyanamide, for examiile, is hydro- 
lyzed to sodium carbamate by the action of hot aqneons alcohol 
solution of sodium hydroxide, 

H^NCN + H 3 O -f NaOH = H.NCOONa + Nil,. 

Reactions. 1. Free carbamic acid decomposes into carbon dioxide 
and ammonia just as does aquo carbonic acid into carbon dioxide 
and water. 

2. When ammonium carbamate is heated in a closed tube a (‘on- 
siderable yield of urea results. One may say that the first aipio- 
ammono carbonic acid is thereby ammonolyzed to the second as rep- 
resented by the equation, H 2 NC 00 n Nll.^ ILNtJONH, + ll^O. 

3. When hydrated sodium carbamate is strongly h(‘at(‘d a residue 
of sodium carbonate is left behind. The sodium salt of an aipio- 
ammono carbonic acid is thereby hydi-olyziKl to sodium aipiocar- 
bonate and ammonia. Acid sodium carbonate is probably tirst 
formed, H.^^COONa + H.O = llOCOt )Na + Nl 1,, which at Ihe 
higher temperature is converted into disodium (*arbona((‘. 

Metallic Salts, Ammonium, sodium, potassium, (‘alcium ami 
strontium salts of carbamic acid have long hacu known. ]>y the 
action of potassium amide on ammonium carbamate in liipiid am- 
monia solution the monopotassiuin and dipotassinm salts, ILNt'OOK 
and K^^HCOOK or HNC( 0 K) 2 , have been preparcMl.'^’ 

Esters, It will suffice present purposes to discuss but one of the 
many known esters of carbamic acid, namely urethaiK^. 

0-Ethyl Carbamate, Urethane, HoN-COOO.ITs. Forination. 

5 Blair, J. Am. Oliem. Soo., 48, 96 (1926). 
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Five reactions whereby nretliane has been prepared are given by the 
equations, 

(1) H^NCOCl + C2H5OH = H0NCOOC2H5 + HCl 

(2) C2H5OCOCI + NH3 = C0H5OCONH2 + HCl 

(3) 00(002H5 )o + NH3 = H2NCOOC0H5 + CsH.OH 

(4) OCNH + C0H5OH nr H.NCOOC0H5 

( 5 ) OC ( NHs ) 2 + C2H3OH nz H0NCOOC2H5 + NH3 

The first equation represents the formation of an ester by the ac- 
tion of an alcohol on an acid chloride, the second, by the ammono- 
lytic action of ammonia on an ester-chloride. The third equation 
represents the partial ammonolysis of an aquo carbonic acid ester 
to an aquo-ammono carbonic acid ester. Equations (4) and (5) 
represent respectively the addition of ethyl alcohol (in principle hy- 
dration) to an aquo-ammono carbonic, and the partial esterification 
of an aquo-ammono carbonic acid. 

Reactions. From among the many reactions which urethane has 
been observed to undergo the following have been selected for con- 
sideration here. 

1 . When heated with aqueous ammonia urethane, which is an 
0-ester of an aquo-ammono carbonic acid, is ammonolyzed to urea 
and aquo ethyl alcohol, 

H.NCOOCoHg + NH3 = H.NCONHo + C.HsOH. 

2. When treated with ethylaniine urethane is converted into sym- 
metrical diethylurea in accordance with the equation, 

H2NCOOC0H3 + = OC(NHCoH,) 3 + Nn3 + CJT,OH. 

The action of ethylaniine on the acid amide group present in ure- 
thane is analogous to the action of ordinary alcohol on an aquo acid 
to form an aquo ester. The replacement of the ethoxy group by the 
ethylamine group coiistituies, in principle, an ammoiiolytic re- 
action. 

Ester-Salts. The acid properties of urethane are shown by the 
existence of a sodium salt, NaNIK h )()( \H-, a silver sail, AgXlI- 
(’OGO^II-, a mercuric salt, HgXCOOC and by its sligiit, though 
distinct, electrical conductivity of its solutions in liquid aiiiiuonia.' 

Attempts made to prepare a i)otassiuni salt of urethane l)y the ac- 
tion of potassium amide on urethane in liquid ammonia solution 

«Ley and Shafer, Bcr., 35, 1310 (1002). The silver salt is not registered in 
Beilstein. 

7 Traiiklin and Kraus, J. Am. Chem. 80 c., 27, 100 (1905). 
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resulted in the formation of potassium cyanate and ethyl alcohol, 
presumably by way of a potassium salt of urethane as represented 
by the scheme, 

H„N-C0-00,H, KHN-CO-OC,H, ^ KNCO + C.,H,OH. 

_NH:j “ i - o 


Blair observed the formation of a well-crystallized intermediate 
product, presumably the potassium salt of urethane, which however 
he did not isolate and analyze.® 


Urea, H.N-CO-iNH,, Ho]Sr-0(NH) OH, 




BN-C 


/ 

\ 

o 


Having dis- 


cussed cyanic acid and carbaniic acid in some detail it will suflSce 
present purposes to summarize the relations of urea to these aquo- 
ammono carbonic acids and to the ammono carbonic acids cy- 
anamide and guanidine by means of the schemes. 


OC (OH) , OC (NHJ OH ^ 


^’OC(NH,),i^i^imC(NH,), 


-ino 


HNC(NHJ,±^®0C(NH,),1|5 OC(NH0OH±^ OC(OH), 

— NHa — NHa —NR., 


OCNH™OC(NH,). 

H,NCNlf$OC(NH,),. 


-HsO 


H,NCN 


-nh. 


OCNH. 


The first scheme represents the ammonolysis of aquo carbonic acid 
successively to carbamic acid, urea and guanidine, the second, llie 
stepwise hydrolysis of the ammono carbonic acid to a(iu() carbonic 
acid. Excepting that the formation of carbamic acid may consist 
in the direct ammonation of carbon dioxide and that the inverse 
conversion of carbamic acid into carbon dioxide and ammonia may 
involv'e direct dissociation, all the reactions represented by these 
two schemes have been established experimentally. The third 
scheme represents the ammonation of cyanic acid to urea and the 
dehydration of urea to cyanamide while inversely the fourdi rei)re- 
sents the hydration of cyanamide to urea and tlie deanmionation of 
urea to cyanic acid. These reactions are also known. 

Metallic Salts. In water solution urea appears to be a strictly 
neutral if not a slightly alkaline substance. When dissolved in 


8 Blair, J. Am, Chem. Soc., 48 99 (1926) 
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liquid ammonia it distinctly lowers the high electrical resistance of 
this solvent, it reacts with the alkali metals and magnesium wdth 
the evolution of hydrogen and with potassium amide to form a 
monopotassium and a dipotassium salt.^° 

Monopotassium Urea, HoN-CO-NHK, has been obtained well crys- 
tallized by the action of potassium amide on an excess of urea in 
liquid ammonia solution. The salt dissolves readily in excess of 
urea but is practically insoluble in the pure solvent. 

Dlpotassium Urea, OC(]N’HK)o. When urea is added to an excess 
of potassium amide in liquid ammonia solution an insoluble, amor- 
phous precipitate of the dipotassium salt is formed. 

Disilver UreUj OC(lsrHAg)2. By the action of a water solution 
of urea on silver oxide a disilver salt is formed. 

Zinc Urea. Gal reports the formation of a zinc salt of urea 
by the action of zinc ethyl on urea in ether solution, 

OC(iS^H2)o + Zn{CM,). = OC(NHZn)2 + CM,. 

Although there can be but little doubt concerning the nature of 
GaTs product its composition was apparently not confirmed by 
analysis. 

2 Ierciiry Urea Compounds. In the fourth edition of Beilstein 
the compounds formed by the action of urea on mercuric oxide and 
on mercuric salts are formulated as derivatives of the divalent rad- 
ical, OC(NHHg)2, to which the name mercurio urea has been 
given. Accordingly the compounds represented by the formulas, 
OC(KH-Hg'OH)o and 0C(NH-IIg-X03)o, to take two examples, are 
assumed to be resi)ectively an hydroxide and a nitrate of dimercurio 
urea. Much more reasonably, it would seem, the first coiiipoiind 
may be looked upon as an aquobasic mercuric salt of urea, that is 
to say as an acpiobasic aciuo-ammono-iairbonate, the seeond as a 
mixed aquonitrate aqno-ammono-carbonate of mereiiry.^" 

Esters. Examples of reactions involved in the preparation of 

10 Blair, J. Am. Clicm. ^oc., 48, 97 (1920) ; Franklin and Stafford, Am. Chem. 
J., 28, 97 (1902). 

11 It is an interesting fact that silver and niereury espi^eially. and a few other 
metals less conspicuously, are capable of forming salts with cxtrmnely wtaik 
ammono and aquo-ainmoiiu acids which withstand the hydrolytic action of water 
and aqua ammonia and in some cases even of potassium liydri)xi(h“. W ithout 
thereby in any wise assuming that anything is being explained the workers in 
this laboratory have acciuired the habit of reii-rri.ng to such metals as azophiles. 

12 Gal, Bull. soc. chim., [2] 39, 647 (1883 ). 

Handh. org. Chem., 3, o6 (1921). 

11 Kuspagiari, Ga;::z. chim. ital., 27, I 1 (1897). 

i» The formula, OC ( NHHg(,)1 1 ) .j rt‘[)resents a compound which is formally at 
the same time an acid salt and a basic salt. However, the acid properties of the 
third and fourth hydrogen att)ius of the urea inoleeiile may be assunuHl to la* 
practically nonexistent. If this be done then the designation of this mercury 
compound as a basic salt becomes justified. 
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alkyl and aryl esters of urea are represented by tlie following 
equations. 


(1) OCNC2H5 + NH3 = H2NCONHC2H5 

(2) CeH^NHCOOC^Hs + NH3 = OeHj^THCONH, + C^njOII 

( 3 ) CeHsNHCN + H „0 = CeHsNHCONHa 

(4) 0C(NH3)3 + 2 C 3 H 3 NH 3 = 0C(NH03HJ3 + 2 NH 3 

(5) ocim + ( C 2 H 5 ) 2 NH = ( O 3 H 3 ) 3 NCONH 3 

(6) (CH3)3NCN + H,0= (CH3)2NC0NH3 

( 7 ) (C„H3)3NC0C1 + C„H3NH,= (C„n3)„N(X)NII(l,,lb + il('i 

(8) OCCl 3 + 2 (C„H 3 )„NH= (aH3),,NCON((Urr,)3 + 211(3 

( 9 ) H3NCN + CH3OH = CH3OC (Nil) NIT, 

( 10 ) ( C3H3) 3NCN + C3H3OH = C3H3CO ( NH ) N ( (l. 1 1 3 ) 3 


Equation 1 represents the ammonation of ethyl isocyaiiale (o 
N-ethylurea ; equation 2, the ammonolysis of N-phenyl-O-ethyl car- 
bamate to N-phenylurea ; equation 3, the hydration of phenyl cyan- 
amide to N-phenylurea ; equation 4, the action of aniline on urea to 
form N-N-diphenylurea; equation 5, the formation of N-N-dielhyl- 
urea by the interaction of potassium cyauate and diethylainnioniuni 
sulfate, in principle the ammonation of cyanic acid to an esicn- of 
urea; equation 6, the hydration of N-N-dimetliylcyaiiainide to N-N- 
dimethylurea; equation 7, the action of aniline on a, carbonic acid 
ester-chloride to form N-N-N'-triphenylurea ; equation 8, I lu* acl ion of 
carbonic oxide-chloride on an ammono ethyl alcohol to form N-N-N'- 
N'-tetraethylurea; equation 9, the formation of 0-ni(dliylin-cii by (be 
interaction of cyanamide and sodium nietliyla1<'; c(|ua(ion lo, (Ik. 
addition of aquo ethyl alcohol to a dielhyl aninionocarbonal(! (o 
form 0-ethyl-N-N-diethylurea. All these derivatives of urea are to 
be regarded as esters of an aquo-annnono carbonic acid. 

Ammonolysis of Urea Esters. Two urea esiers, nanady N N'- 
diphenylurea and N-methylurea, have b«?n invesligalcd in rcspccl lo 
their ammonolytic behavior in liquid ammonia solulion. When llu! 
first compound is heated in this solvent in the ]u-csenc(' of am- 
monium chloride it is ammonolyzed to aniline, urea and guanidine.”’ 
It IS probable that urea and aniline are first formed, 


©^(NHCjHj), -)- 2Nn3 = 0C(NIT3)3 2(\,l b.Nll.., 

and that then a portion of the urea is ammonolyzed to guanidine " 

isN'iemaun, Thesis. Stanford ITiiiversity ]<)‘>0 
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tlioiigh of course it is j 30 ssible that a part of the diphenylurea is 
first ammonolyzed to diphenylguanidine and thence to guanidine 
and aniline. At 150 ° N-N'-diphenylurea is ammonolyzed by the 
action of alcoholic ammonia to urea and aniline, 

OC(NHCoHJ2 + 2NH3 = OC(NH.). + 

Blair identified methylamine, urea and guanidine as products of 
the ammonolytic decomposition of methylurea. 

Ester-Salts. Alkyl and aryl derivatives of urea in which one or 
more of the urea hydrogen atoms remain unreplaced are formally 
acid esters and as such should be capable of forming metallic salts. 
Accordingly a mercuric salt of ethylurea (CoH5NHCONH),Hg/® a 
silver salt of O-methyl-N-phenylurea,-® CeH5NHC(OCH3)NAg, a so- 
dium salt,-" CeHsNHCONHNa, and a potassium salt,"^ 
NHCONHK, of phenylurea have been prepared, the last salt well 
crystallized by the action of potassium amide on phenylurea in 
liquid ammonia solution. 


Aquo-ammono Dicarbonic Acids 

The following formulated and named aquo-ammono dicarbonic 
acids are theoretically possible all of which with the exception of 
carbonylurea and carbonylguanidine are known in the free state or 
in the form of esters. 
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21 Blueher, Jirr., 28, 4:52 ( IS!)') i. 
2- Unpublislied oli^^rrvation. 


18 Claus, Bcr., 9, 01*3 (ISTO). 

I'j L(‘iickliardt, J. pralct., [2] 21, 18 (1880). 
20 Bruce, */. Am. Chem. Soc., 26, 434 (1904). 
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Since polycarbonic acids in wliicli carbon atoms ar-e held together 
by means of oxygen, as represented for example by the formula, 
H 0 -C 0 - 0 -C 0 “ 0 H, for an unknown pyrocarbonic acid, are appar- 
ently incapable of existence,-® such unions have been ignored in 
developing the above scheme. Furthermore, it is to ])e observed that 
dicarbonic acids more highly hydrated or ammonated than those 
formulated in the upper horizontal row above have never been pre- 
pared. 

Something of the extent to which salts, esters and ester-salts of 
these aquo-ammono dicarbonic acids are known is given in the fol- 
lowing pages. Keferences, in general, are omitted except in con- 
nection with those compounds which are not registered in the fourth 
edition of Beilstein. Furthermore, in general each acid will be rep- 
resented by but one of its possible tautomeric formulas. 

1 . Imidodicarboxylic Acid, Carboxycarbamic Acid, HO^CO-NH- 
CO-OH, is known in the form of esters and ester-salts but not in the 
free state or in the form of salts. The potassium, KN (COOCCHJ.,, 
sodium, C204N(C2H5)oNa, and silver, CgO^N (00115)2 Ag, salts of the 
diethyl ester have been prepared. 

2. Allophanic Acid, Carboxyurea, HoN-CO-NH-CO-OIT. Liebig 
and Wohler-^ had the sodium, potassium, calcium and barium salts 
of allophanic acid, unknown in the free state, in their hands but 
established by analysis the composition of the barium salt, 
00-NH-C0-0)2Ba, only. A disodiiim salt of allophanic acid, 
CoH203N2Na2, has also been prepared.-^ 

The acid properties of ethyl alloplianate, IToN-CO-Nll-tJOOCoIfr,, 
are shown by the existence of a disilver salt, 

and a monopotassiiim salt, C2lT203N2{C2ir5)K,-^ tlie ladur liavfng 
been obtained by the action of potassium amide on elliyl aliophanaie 
in liquid ammonia solution. 

Trithioallophanic acid, HoN-CS-NII-CbS-SlI, lias been pnqianMl as 
have also its potassium, and copper salts, Goir^N.SJv and 
1^283)2011. 

3 . Guanylcarbamic Acid, Carboxyguanidine, n2N-C(Nn)NII- 
CO-OH, is known only in the form of its 0 -etliyl esler. No metallic 
salts either of the acid or of the acid ester have been prepared.-® 

4 . Biuret, H.N-CO-NH-CO-NH.. That biuret possesses aidd prop- 

^^3 It is noted ho\Yever that an ester of a mixed aciiio-thio-aniinoiio diea rhonic 
acid IS on record to which the formula, CA(CJI,} NCR-0-CSN( CJL) OJU has 
been ascribed [Billeter, Be 7 \, 20, 1629 (1887)]. - */ 

24 Liebig and Wohler, Ann. Chem., 50 295 (1846) 

25 Ephraim, Ber., 35, 779 (1902). 

26 Bains, Greider and Kidwell, J. Am. Chem. Soc., 41 1005 (1919) 

27Biair, J. Am. Chem. 80 c., 48 , 102 (1926). ’ 

ssPinck and Blair, J. Am. Chem. 8og., 49 , 509 (1927), 
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erties is shown by its reacting in excess with potassium amide in 
liquid ammonia solution to form a monopotassium salt, CoH^OoNgK, 
with the ammono base in excess to form a tripotassium salt, 
C 2 H 2 O 2 N 3 K 3 /® and further by the existence of a disilver salt, 
CgHgOgNaAgg, and two basic mercuric salts which may be repre- 
sented by the respective formulas, Hg(NH“CO-NH“CO-NH-HgOH) 2 
and H.N-CO-NH-CO-NH-HgOH. 

jST-alkyl and N-aryl esters of biuret are known fn considerable 
number while at least one 0-ester, namely, 0-ethylbiuret, HoN-CO- 
NH-G(NH) 0 C 2 H 5 , has been prepared.^^^ None of these esters is 
known to form metallic salts. 

5. Dicyandiamidine, Guanylurea, HoN-C (NH) NH-CO-NH 2 . 
Three of the simpler procedures for the preparation of this dicar- 
bonic acid are summarized by means of the equations. 


H 2 N-C(NH)NH 2 + OCNH = H2N-C(NH)NH-C0-NH2 

HoN-CO-NH-CN + NH 3 = H2N-C0-NH-C(NH)NH2 
H 2 N-C(NH)NH-CN + H.O = H2N-C(NH)-NH-C0-NH2, 

which represent the results obtained, first, by heating guanidine hy- 
drochloride with potassium cyanate, second, by heating the silver 
salt of cyanurea with a water solution of ammonium chloride, and 
third, by the action of dilute mineral acids on dicyandiamide. The 
first equation represents the union of two iinicarbonic acids to 
form a dicarbonic acid strictly after the manner of the ainmonation 
of cyanic acid to urea, the second, the ainmonation of cyanui*ea 
after the manner of the conversion of cyanamide to guanidine and 
of cyanic acid to urea. The third cMiuation represents the hydration 
of dicyandiamide, which is an ammono dicarbonic acid, to an aquo- 
ammono dicarbonic acid. 

Copper, nickel and palladium salts of dicyandiamidine of the re- 
spectiv'e formulas, ( 02 n., 0 N^).^Cii. 21 IoC, ( ( \.I l-< )X^ ) .Ni. 21 L( ) and 
(CoH^ONJoT^d.-H.O, have been made. 

G. Carbonylcarbamic Acid, Carboxyisocyanate, OrXX-CC-OlT, is 
known in the form of its ethyl ester, OC-X-COOCoII-. 

7. Carbonylurea, Carbamylisocyanate, Dicyanic Acid, HoX-CO- 
N=00. Davis and Blanchard hav^e shown that dicyanic acid, which 
has not been isolated, is present in water solutions of cyanic acid. 
The scheme,®- 

29 Blair, J. Am. Chem. Soc., 48, 100 (10251. 

30 Madelung and Kern, Anu. Chem.. 427, -4 (l!>22). 

31 Davis and Blancliard, J. Am. Chem. l^oc., 51, ISOO (1020). 

32 Omitting other obvious tautomeric formulas. 
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20 CNH 


in accordance with which dicyanic acid is formed by the dimeriza- 
tion of cyanic acid, represents the dimer as existing in solution 
as an open chain and a cyclic aquo-ammono dicarbonic acid in tau- 
tomeric equilibrium. 

Apparently the only known esters of dicyanic acid are derivatives 
of the cyclic form. For example, it has been shown that diplienyl- 
diisocyanate, which is to be looked upon as an N-N'-diphen^d ester 
of a cyclic aquo-ammono dicarbonic acid, has the constitution repre- 

CO 

sented by the formula, 

CO 

8. Cyancarbamic Acid, Carboxycyanamide, NC-NH-CO-OH. 
Salts of this acid of the respective formulas, NC-N(Na)CO“ONa, 
or NC-]Sr=C(ONa)2, O^OsN^Sr.xH^O and 

C202N2Ba.l^H20, have been prepared as have also a sodium, potas- 
sium, silver and a basic copper salt of the ethyl ester, NO-NNa-CO" 
OC2H5, C202N2(C2H5)K, C202N2(C2H,)Ag and 0202^2(021!,) CuOlL 
The ethyl ester is described as a strongly acid syrup. The fr(‘e acid 
is unknown. 

The formation of the disodium salt of cyancarbamic acid by tlie 
action of carbon dioxide on disodium cyanamide consists in (ho con- 
version of an ammono unicarbonic acid salt into an a(iuo-annnono 
dicarbonic acid salt, hTCNNUo + COo = NC-N=C(ONa)2. Inversely, 
when set free from its salts, cyancarbamic acid iinmedia((‘ly dec'oni- 
poses to form cyanamide and carbon dioxide, 


NC-NH-CO-OH zzz NONE. + 00 .. 

When disodium cyancarbamate is heated sodium ('yanale is 
formed, NC-N(Na)CO-ONa = 200 NNa, which is lo say '(liat by a 
process of intramolecular hydrolysis and aniinnnolysis each mole- 
cule of cyancarbamic acid is converted into two molecules of cyanic 
acid. 

It is interesting to observe in this connection (hat cyandilhiocar- 
bamic acid, NO-NH-OS-SH, is known in the free stale and in the 
form of metallic salts. 

33 Hofmann, Be7\, 4, 246 (1871); Snajje, J. C7icm. Soc,, 49, 254 (18SG) : G. E. 
P. Smith, Thesis, Stanford University, 1930. 
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9. Carbonylguanidine, Guanylisocyanate, HsN-C (NH) N=CO. 
The failure of attempts to prepare this compound may perhapvS be 
explained on the assumption that it is a tautomer of cjanurea as 
explained in the following. 

10. Cyanurea, HoN-CO-NH-CN. The methods of formation of 
cyanurea and its behavior toward water, ammonia, hydrogen sul- 
fide, acids and alkalis afford some interesting and at the same time 
simple examples of the large number of transformations which have 
been observed to characterize the aquo-ammono carbonic acids. 

Tautomer ism of G yanurca. In the light of recent work con- 
ducted in this laboratory by Blair and Smith it becomes reason- 
able to say that cyanurea is a tautomeric compound to which any 
one of the formulas given in the following scheme may be ascribed. 
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34 Paper to be published. 
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Starting with the familiar formula, HgN-CO-NH-CN, and ignor 
ing the possibility of C-O-C linkages, nine further formulas for this 
aquo-ammono dicarbonic acid may be deduced by the same simple 
shifting of a hydrogen atom as is usually done in explanation ol 
the tautomerism of urea, OC(NH2)2 ^ B[00]S[H(NH2), and of cy 
anic acid, HNCO:;=± NCOH. In the interest of simplicity possible 
reciprocal transformations other than those given above are lefi 
unindicated. We shall go no further in the discussion of these 
tautomeric formulas other than to emphasize the reasonableness ol 
Blair and Smith’s arguments and to point out that carbonylguani- 
dine, which has never been prepared, appears as a tautomeric form 
of cyanurea. 

Formation, Of the three methods for the preparation of cyanurea 
the one, accomplished by the interaction of potassium cyanate and 
cyanamide in water solution, HN^CO -f- HoN-CN = HgN-CO-NH-CN, 
consists in the coalescence of an aquo-ammono unicarbonic acid 
with an ammono unicarbonic acid to form a mixed aquo-ammono 
dicarbonic acid. The reaction involved is in principle the same 
as that which takes place w^hen cyanic acid is ammonated to urea, 
w’-hen cyanic acid dimerizes to dicyanic acid, or when (‘yaiiamide is 
converted into dicyandiamide. 

The second method for the preparation of cyanurea by the action 
of barium hydroxide on dicyandiamide in water solution involves 
the partial hydrolysis of an ammono dicarbonic acid to form an 
aquo-ammono dicarbonic acid as represented by the equation, 

H2N-C(NH)NH-CN -f H^O = H^N-CO-Nll-ON -f Nil,, 

or by any one of several others wdiich may be wi'itlen. 

According to Short cyanurea is formed by the action of a(pie()ns 
hydrochloric acid on the silver salt of dicyaniinide. K(q)res(mled by 
the equation, NC-NH-CN + H.O = NC-NII-CO-NIL, the reaciion 
consists in the hydration of an ammono dicarbonic aond lo an a(iu()- 
ammono dicarbonic acid. 

Reactions, The three equations, 


H.N-CO-NH-CN + mo = H^N-CO-NH-CO-NIL 
HoN-CO-NH-CN + = H.N-CO-NH-CS-NH^ 

H^N-CO-NH-CN + NH3 := H.N-CO-NH-C (NH) Nil, 

represent the action of w^ater, hydrogen sultide and ammonia on 
cyanurea to form biuret, monothiobiuret and dicyandiamidine re- 

^35 Short, Chem. ^eics, 126, 100 (1923) ; Madeluiig and Kern, A nn. Chem., 427, 
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spectively. Biuret is formed when cyanurea is warmed with dilute 
sulfiudc acid, monothiobiuret when cyanurea is heated with a water 
solution of ammonium sulfide while^^the silver salt of cyanurea is 
converted into dicyandiamidine when heated with a water solution 
of ammonium chloride. In each case the aquo-ammono dicarbonic 
acid is converted into a more highly solvated carbonic acid. 

Smith"" found that in addition to biuret small amounts of 
urea and guanidine are formed when cyanurea is digested with 
warm dilute sulfuric acid. The presence of guanidine among the 
reaction products is explained by Smith on the assumption that a 
tautomeric form of cyanurea, namely carbonyl guanidine (third 
formula below) undergoes hydrolysis in accordance with the 
equation, 


NH NH. 

^ \ / +H.0 / 

GO -> GO HN:0 HN:G 

/ \ / \ \ 

NG-NH NH N:GO NH, 


The formation of urea probably takes place in accordance with the 
equation, 

H^N-GO-NH-CN — ^ H,N-CO-NH-CO-OH ^ H,N-CO-NH,. 

“ -CO. - 


Under the action of hot alcoholic potassium hydroxide solution 
cyanurea breaks apart to form potassium cyanate and eyanamide, 
H,N-CO-NH~CN = HoN-ON + HN= 00 . 

Metallic Salts, fyanurea is a moderately strong acid ot which 
a potassium salt, CJI.ONJv, a sodium salt, OoH^ON.Na, two 
copper salts, (C.HoON., ) .Cu.IILO and 02HON3Cu.2H.( ), a silver 
salt, C.HoONgAg, and a barium salt, ( OoHoON^) oBa.3H2(), have 
been prepared. Using Ii(iuid ammonia as solvent in which to carry 
on the reactions involved Smith "" prepared the three ])otassiuin 
salts of cyanurea represented bv the formulas, C.>TI..ON../K, 
CJION.Iv. and C\ON.,K,, 

Certain esters of cyanurea are possessed of distinct acid proper- 
ties as is shown by the existence of a sodium salt, ColION., i <\dl. ) Na, 
a silver salt, CoHONACbJU) Ag, and a copper salt, [(\JIOX;,- 
(C0H5) ] oCu.oHoO, of N-ethylcyaniirea and of a sodium salt of 
O-ethylcyaniirea, CCH-O-C 1 NNa) KII-CN."" 

By the action of potassium amide on X-phenylcyanurea in liquid 
ammonia solution 8mith "" prepared the potassium salt represented 
by the formula, C0H5NH-CO-NK-CK 

36 G. E. P. Smith, Thesis, Stanford University, 1930. 

87 Madelung and Kern, Ann. Chem., 427, 22 (1922). 
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Aquo-amimono Polyoarhonic Anns 

Compounds in considerable number are on record containing 
the skeletal groups, C-N-C-lSr-0, C-N-C-N-O-N-C and C-N-O-N-C-N- 
C“N“C, which are to be looked upon as polycarbonic acids. Certain 
of these compounds are known in the free state, others in the form 
of esters, some of them in the form of salts, some as ester-salts. 
Examples of these polycarbonic acids are the following. 

1. Carbonyldicarbamic Acid, Symmetrical Dicarboxylurea, IIO 
CO-NH-CO-NH-CO-OH, is not known in the free state nor in the 
form of metallic salts. Sodium and silver salts of the diethyl 
ester known as carbonyldiurethane, OsIIoOCO-NH-CO-blll-CO- 
OC2H5, have been prepared.^® 

2. Carboxylbiuret, HsN-CO-NH-CO-NH-CO-QH, is unknown in 
the free state. An 0-ethyl ester has been obtained by the aminono- 
lytic action of liquid ammonia on carbonyldiurethane as represented 
by the equation, 


C2H5O-CO-NH-CO-NH-CO-OC2H5 + NH3 = c^n.o-co-Nn-co-Nii- 

CO-NH2 C2H5OH. 

This ester readily loses alcohol to form cyanuric acid, 

NH-CO-NH2 l^H-CO-NH 

I =11 +c,ii,on. 

OO-NH-CO-OC2H5 CO-NH-GO 


It may be said of this reaction that the ester of a sli'aiKhl cliaiii 
aquo-ammono ti-icarbonic acid undergoes intriiiiiolecnhir aimiionolv- 
sis to form a cyclic aquo-ammono ti'icarhonic and ediyl alcohol. 

A disodium salt, C,,n„0,N3Na„ and a disihuo' salt, G,,- 
HiiO.,N 3 Ag 2 , of the phenyl ethyl estnr, G,,irr,NII GO NltGO- 
NH-CO-OCoIIs, of this aquo-ammono tricarbonic acid hav(‘ h<‘cii nir- 
pared.®^ * 

3. Symmetrical Dicarboxylguanidine, 11()-G() NII-G(Nll)Nir- 
CO-OH, is known only in the form of its (GO' dielliyl (‘sler. No 
metallic salts either of the acid or of tiie acid esier liave Ixhui pre- 
pared. 

4. Carbonyldiurea, Triuret, II,N-GO-Nn-G()-NIH;<)-NH„. A di- 
silver salt, OgH^OaNjAg^, a basic mercuric salt, G.,II-(),,N,llg01[, a 
monopotassium salt, CgHgOgN.K, and a dipot assium sal(-, (J.,,n403- 
N,K,, of triuret liave been prepared; the latter two salts by The ac- 

38 Dains, Greider and Kidwell, J. Ain. Chcm. Sog., 41 , 1004 (1919). 



AQVO-AMMONO CARBONIC ACIDS 


125 


tion of potassium amide on triuret in liquid ammonia solution.^® 
It is interesting to note that triuret is readily converted into cy- 
anuric acid. Heated to a moderate temperature it loses ammonia 
and passes over into this cyclic aquo-ammono carbonic acid, 


OC 


/ 


NH-CO-NH, 


— NH; 

NH-CO-NH, 


NH-CO 

/ \ 

^ OC NH. 

■ \ / 

NH-CO 


Carbonic Acids Containing Tertiary Nitrogen. Of the sixteen 
theoretically possible tricarbonic acids containing tertiary nitrogen 
the following are known and they only in the forms of esters, 


coon CONIH a(NH)NH.,“ 

N— coon, N— COOH, N— COOH 

\ \ \ 

COOH CONH COOH 


CN 

/ 

and X— COOH. 
\ 

COOH 


Cyclic Aquo-ammono Carbonic Acids 

Just as cyanamide and dicyaniinide, two animono carbonic acids, 
readily polymerize to the two cyclic ammono carbonic acids known 
respectively as inolamine and tricyanmelamine, so cyanic acid, an 
aqiio-ammono carbonic acid, even more readily polymerizes to cy- 
anuric acid. Clearly tiie latter reaction may be said to result in 
the formation of a cyclic a(iiio-ammono tricarbonic acid. 

Occupying’ positions between melamine and cyaniiric acid as rep- 
resented by the following formulas. 


N=C(NIH) 

/ \ 

n„N-C N, 

\ / 

N-C(NH,,) 
UelambiQ 


/ 


X-C(OH) 


H.N-C 
“ \ 



X-C(NH,) 


xinmiclinc 


N::C(01I), 

/ \ 

n.,N-c N, 

■ \ 

N-C(OH) 

Anvnclidc 


^N:C(OHl^ 

HO-C N. 

\ 

N-C(OH) 
Cijanuric Acid 


Blair, J. Am. Chem. Sac., 48, H)1 {1!)2()). 

40 Pinck and Blair, J. Am. Chcm. Sac., 49, 514 (1927). 
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are two further cyclic aquo-auuuono tricarbonic acids known re 
spectivelT as ammeline and animelide. Each of these four cyclic 
acids may be represented by two tautomeric foi*mulas. 

1 . Ammeline, CaHsON^. Esters of ammeline as well as of thio 
ammeline are known. No metallic salts of ammeline have beer 
prepared, though the existence of a mono- and a di-silver salt of thic 
ammeline, CjH^N^SAg and CsH^NsSAg^ together with the fact tliai 
salts of the presumably much weaker acid, melamine, have been ob 
tained by working with liquid ammonia as a solvent makes it prob 
able that metallic salts of ammeline are capable of existence. 

2 . Ammelide, Melanurenic Acid, A considerubit 

number of salts and esters of this compound have I)eeu jcrc'pared. 
Esters of both the normal and iso acids, as well as salts and esters 
of dithioammelide aie known. 

3 . Cyanuric Acid, C3H3O3N,,. Many alkyl and aryl derivatives 
of cyanuric acid are known both in the form of O-esters and N- 
esters. It is interesting to note that the mercuric salt has been 
found to exist in two isomeric forms which Hantzsch -“i explains on 
the assumption that the one is a salt of the normal acid and the 
other of the iso acid. 

4 . Cyameluric Acid, OeHjOaN^, 


00 


N — CO 
CNH \ 
N-CNH-N, 


CNH / 
— CO 


is an aquo-ammono hexacarbonic acid to which, in view of tlu^ (“slah- 
lished structure of hexamethylenetetramine, the abov<> formula, or 
some modification thereof, may i-easonahly be ascribed. 

Salts of cyameluric acid formulated as follows have b<“en 
pared: C303N,E3.2H30, CeHANrK.2H30, (C„03N,)3l{a,,.lL(), and 

CeOsNjAgj. 

5 . Tricyanurea, Cyanurtriureide, 


^C(NHC0NH3)iN^ 

N^ ^CNllCONH,, ; 

C(NHC0NH3)-N 
^C(NC0NH3)-NH 

hn cnconh... 

\ / 

C(N 00 NH 3 )-NH 

41 Hantzsch, Bcr., 35, 2717 (1902). 
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This aquo-ammoiio liexacarbonie acid was first recognized by 
Hantzsch as one of the products formed by heating urea. It is also 
formed when biguanide is heated and by the action of urea of cy- 
anuric acid or of cyanuric bromide.^^ 

More recently Smith has shown that cyanurea in water solution 
at 90° gradually polymerizes to its trimeric form. 

A sodium salt, CcHeOgNglS^ag.BNHs, and an unanalyzed mercuric 
salt of this cyclic carbonic acid have been prepared. 

42Hantzseli, Bauer and Hofmann [Ber., 38, 1010 (1905)]. It may be noted 
that according to Werner [«/. Chem. Soc., 103, 2275 (1913)] the compound re- 
ported by Hantzsch, Bauer and Hofmann as tricyanurea was ammelide. 

43 G. E. P. Smith, Thesis, Stanford University, 1930. 



CHAPTER XII. 
AMMONO CAEBONOUS ACID. 


When, the well-kno'sv’n tautomeric properties of nitrous acid, phos- 
phorous acid and sulfurous acid, represented respectively as follows, 
HXO, HONO, HPO(OH)2?±P(OH)3 and HSO^OH^ri OS(OH)„, 
are recalled, one is led to inquire whether possibly there is any evi- 
dence of a similar tautomeric behavior on the part of formic acid, 
that is to say whether formic acid shows any of the properties of a 
carbonous acid. Excepting Baly’s speculations to the effect that 
the hydration of activated carbon monoxide to formic acid follows 

the course, CO^^ C(0H)3^HC00H,i and Scheibler’s observa- 
tions on the preparation of diethyl carbonite (Kohlenoxid-diaethyl- 
acetal) by means of reactions summarized by the scheme. 


HCOOC2H3 NaCOCKl^H, C,H, 0 -C- 0 Na ^ 
C2H5O-C-CI C(OC,HJ 3, 

little is known concerning possible tautomeric properties of formic 
acid.- 

On the other hand it is proposed to show in the following pages 
that hydrocyanic acid, in so far as it may be rej^resented by the 
formula, HNC, is a carbonous acid of the nitrogen system, that its 
metallic derivatives are ammonocarbonites and that the isonitriles 
are ammono carbonous acid esters. 

Ammono Carbonous Acid, The formulas, 0(011)., and 

in which the carbon atom is assumed to be dipositive,” may 
be written to repiesent respectively an aquo carbonous acid and aii 
ammono carbonous acid. The removal of the elements of water 
from the hypothetical compound of the first formula leaves carbon 
monoxide which thus appears as carbonous anhydride. The analo- 
gous loss of ammonia from the unknown ammono carbonous acid, 
CHNH.),, and from formamidine, nC(XH)Nn„, which is an am- 
mono formic acid leaves hydrocyanic acid represented in the one 
case by the formula, HXO, in the other by HON. The first formula 
1 Baiy, Heilbronu and Hudson, J, Chem. Soc., 121 1080 fioeoi 

1930], has been unable to confirm Scheibler’s results. ’ Uiiivtisity, 
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is that of an ammono carbonons acid, the second that of formic 
anammonide.® 

Hjdroc 3 ’'anic acid is a typical tautomeric compound which in the 
liquid form consists of a mixture of much formic anammonide and 
very little ammono carbonons acid.^ 

Formation o£ Hydrocyanic Acid and the Alkali Metal Cyanides. 
From the large number of procedures which have lent themselves to 
the preparation of hydrocyanic acid and its salts the following have 
been selected for consideration here. 

1. The Action of Ammonia or of a Mixture of 'Nitrogen and Hy- 
drogen on Carhom Neither a carbonous nitride nor a carbonic ni- 
tride is formed when cai‘bon is heated in an atmosphere of nitro- 
gen. When however carbon is exposed to a high temperature in 
contact with a mixture of nitrogen and hydrogen, or with ammonia, 
hydrocyanic acid is among the products formed. When carbon is 
heated in the presence of an alkali metal and nitrogen a metallic 
cyanide is formed. The formation of hydrocyanic acid and of alkali 
cyanide may reasonably be interpreted as consisting in the iiitrida- 
tion of carbon and hydrogen to ammono carbonous acid in the one 
case and of carbon and alkali metal to an ammonocarbonite in 
the other. 

2. The Action of Sodium Amide on Carbon. It has been found 
that sodium amide at a temperature of 350'’ to 400^ dissolves car- 
bon to form disodium cyanamide and that at higher temperatures 
disodium cyanamide, in the presence of carbon, undergoes reduction 
to sodium cyanide.® The reactions are represented by the equations, 
2 NaNH 2 + 0 = NaoCN. + 2Ho and NUoNCN + 0 2XaNC, and are 
significant in the present connection for the reason that the one 
involves the nitridation of carbon to an aininoiiocarbonate and the 
other the reduction of an ammonooarbonate to an ammonoear- 
bonite. 

3. Reduction of Aninionocarbonutes to Anunonocarbonltes. The 

reduction of sodium cyanamide has already been considered. The 
auimono carbonic acid known as dicyandiamide, yields so- 

dium cyanide when heated with sodium hydroxide and carbon. The 
sodium ammoiiocarbonate of the formula, Xa.C^^X.j, known as tri- 
sodium tricyanmelamine, is i-educed to sodium cyanide, with the si- 
multaneous formation of cyanogen and nitrogen, simply by heating 
to redness, or with the formation of sodium <*yanide and nitrogen, 
by healing in the presence of metallic sodium. Lie])ig\s potassium 

3 Franklin, J. Phys. Chem., 27, 107 (1023). 

4 Mover ami IlopU, Per., 54, 1700 (1021); Ushorwood, J. Chctti. 121, 

1604 (1922). 

5 Castner, Z. anorg. CJicm., 10, 2SS (1S9T), Chem. Zentr., 1904, 411. 
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melouate, which is another ammonoi'arbonaie, yields i)()tas- 

sium cyanide when heated/ 

4. Reduction of Potassium Cyanato and Pota>isi mu 'Ihiocijauate. 
As is well known both these salts on reduction yield potassium 
cyanide. It may be said that potassium ainmouocarbonile is formed 
by the reduction, in the one case of an a(iuo-amniono-carbonate, in 
the other of a thio-ammono-carbonate. 

Nitridation of Hydrocyanic Acid. Strain® has shown (hat hy- 
drocyanic acid in liquid ammonia solution is converted into a mix- 
ture of cyanamide and guanidine when treated with iodine. The 
reaction involved in the formation of cyanamide, 

HNO + I, + NH 3 = HNCNH ^ H,NCN + 2HI, 

may be explained as consisting in the nitridation of ammono car- 
bonous acid to an ammono carbonic acid and the simultaneous re- 
duction of iodine to hydriodic acid. Alternately one may of course 
represent hydrocyanic acid by the formula, HON, and say that 
iodine nitridizes formic anammonide to an ammono carbonic acid. 
It is known that guanidine is formed by the ammonation of cy- 
anamide. 

It has also been shown in this laboratory that solid bromine added 
to a cold liquid ammonia solution of potassium ('yanide gives a 
good yield of cyanamide. 

The Nitridation of Sodium Ammonocarbonite. 1 . Sodium cya- 
nide may be nitridized to disodium cyanamide just as i( may be 
oxidized to sodium cyanate or sulfidized to sodium thiocyanate but 
not, as it appears, by simply heating in the preseiu'e of nitrogen. 
Efforts made in this laboratory to nitridize sodium cyanide by heat- 
ing the cyanide at varying high temperatures in an atm()si)h(u*e of 
nitrogen — alone and in the presence of iron and j)laiinnm acting as 
possible catalysts — have not met with success. Tlu^se ex])(‘rinien(s 
were undertaken on the presumption that possibly sodium cyanide 
might be nitridized in accordance with the equatioip 

3NaNC + N,=z Na^CN. + NaC.N^, 

to form a mixture of disodium cyanamide and sodium di(*yanimide. 
However the nitridation of sodium cyanide is easily a(M*omplished 
when, in the presence of metallic sodium, it is heated in an atmos- 
phere of nitrogen. In accordance with the equal ioip 

NaNC + Na + N =: NaoNCN. 

7 Franklin, J, Phys. Chem., 27, 176 (1923). 

« Strain, Thesis, Stanford University, 1927. 



AM M 0X0 CARB0X0U8 ACID 


131 


Sodium ammonocarbonite and metallic sodium are nitridized to 
form sodium ammonocarbonate.® 

2. When sodium azide is carefully added to fused sodium cyanide 
the latter salt is converted into disodium cyanamide, 

XaXC + NaNN. ” Na.NCN + 

In Chapter 14 it is shown that liydrazoic acid is to be looked upon 
as a nitric acid of the nitrogen system. This being the case its 
sodium salt should act as a nitridizing agent just as ordinary 
sodium nitrate acts as an oxidizing agent. 

3. A fair yield of trisodium tricyanmelamine is obtained by heat' 
ing a mixture of sodium cyanide and mercuric cyanide.^^ Cyanogen, 
formed by the decomposition of mercuric cyanide, nitridizes sodium 
cyanide in a manner which may be represented by the equation, 
Nai^C + CoNo = NaN (CN) 2 + C, to sodium dicyanimide. At a 
temperature of low redness this ammonocarbonate of sodium un- 
dergoes polymerization to trisodiiim tricyanmelamine (p. 104). 
The nature of the simultaneously formed reduction product has 
not been determined. It is represented in the equation as car- 
bon. Dicyanimide and tricyanmelamine are ammono carbonic 
acids. 

4. Sodium cyanide dissolves in fused sodium amide without ob- 
vious evidence of chemical action. When the fused mixture is 
heated to 400° disodium cyanamide and hydrogen are formed as 
repi-esented by the equation, XaXC XaXll., = Xix.XCX B..A- 
Probably, in accordance with the equation, 

CXXa + XaNH. = CfNHNa)., 

a disodium salt of ortho ammono carbonous acid, or ]>erhaps of 
formamidine, HC(Nll)NNa 2 , is formed which at the higher tem- 
[)erature decomposes into sodium cyanamide and hydrogen, 

ClNlIXa). ^ llC{Xll)XXa, = + U,. 

It will be recalled that analogously sodium formate yields sodium 
carbonate and hydrogen when heated with sodium hydroxide, 

HCOOXa -f XaOH Na 2 C 03 + H.. 

oDreehsel, J. prakt. Chem., [21 21, SI (1880). 

10 Franklin, J. Phys. Chem., 27, 167 (1023). 

11 Franklin, J. Am. Chem. Soc., 44, 499 (1922). 

Chem, Zentr., 1901, H, 1100. 



132 THE NITROGEN SYSTEM OF COMPOUNDS 

Intramolecular Nitridation and Reduction o£ Barium Ammon 
carbonite. Dreclisel observed that barium e.yanamide is forna 
when barium cyanide is heated out of contact with atmospheric ai 
The reaction involved, which may be represented by the equatio 
Ba(CN)o = BaClSro + C, is interesting as an example of a Ca 
nizzaro-like reaction. Of the two carbonoiis acid groups containc 
in the molecule of barium cyanide, the one is nitridized to an ai 
mono carbonic acid radical the other simultaneously undergoir 
reduction to elementary carbon. 

The Interaction o£ Potassium Cyanide and Dimethylchloran 
ine. Dimethylcyanamide and potassium (iiloride are formed wlic 
potassium cyanide is added to an alcoholic solution of dimethy 
chloramine.^"^ The reactions involved may be repi*es(‘uled by tl 
equation, 

(CH3)2CN-*C1 + KN=:C= (CHJ oN~C(C1)NK — 

(I) (II) (III) ' (IV) 

and interpreted as consisting first in the nitridizing action of tl: 
hypoclilorous acid chlorine contained in the dimethyl ammouo hyp* 
chlorite (I) on potassium ammoiiocarboni I e (II) lo form an ]iyp< 
thetical compound (III) which is at the same time a potassium an 
mouocarbonate, a carbonic acid chloride and a carbonic acid estei 
and, second, the dissociation of this assuinedly uiistabl(‘ compoun 
to form the dimethyl ammonocarbomiie (IV) and ])o(a.ssim 
chloride. 

Oxidation o£ Potassium Ammonocarbonite. As is familiaii 
known potassium cyanide is easily oxidized lo ])o(assium cyaiiah 
Since potassium cyanate is a mixed a({uo-ammono-caii)()iia((‘ of p( 
tassium it is clear that the reaction wliich (aktvs plac(‘ wlien fo 
instance lead oxide acts on fused polassiiim cyanid(‘, 

KNC + rbO=z KN( H) -1~ 1% 

consists in the oxidation of an ammoiiocaii)onij(* lo an a([ii( 
ammono-carbonate. 

Carbon Monoxide a Carbonous Anhydride, (hn-hon moiioxid 
may be looked upon as Ihe anliydrichi of an unkiiowm a(juo carhoi 
ous acid though of course such a view cxHad v(‘s lilll(‘ oi‘ no snp[)or 
from its behavior toward aquo bas("s. acdion of (‘arbon morion 
ide on sodium amide however is in harmony wilh this assuniptio 

13 Dreclisel, J. p'akt. Chcm., [2\ 21, 8,3 (1880) ; AskiMiasy juid Grade, Z. Ele( 
trochcm., 28, 130 (1022). 

14 Berg, Ann. cUm., [7] 3, 352 (1804). 
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since it is absorbed readily by fused sodium amide to form sodium 
cyanide in accordance with the equation, 


NaNH, + CO = HO-C-NHNa = NaNO + H,0 

This equation may be read as representing the action of carbonous 
anhydride on a sodium ammono base to form an ammonocarbonite 
of sodium. Carbon monoxide acts in a similar manner on fused po- 
tassium amide to form potassium cyanide.^® 

Another reaction closely resembling the foregoing, due to Ma- 
quenne is represented by the equation, 

BaoN. -f 2CO m 2BaO -f Ba{NC)o. 

Barium nitride, which is the nitrogen analog of barium oxide, re- 
acts with carbon monoxide to form barium oxide and barium ain- 
monocarbonite. Again noting the fact that metidlic aquocarbonites 
are unknown one is prepared to find that one of the X)roduets of 
Maquenne's reaction to be barium oxide instead of a barium a(iuo- 
carbonite. 

Esters of Ammono Carbonous Acid. As is well known the alkyl 
and aryl derivatives of hydrocyanic acid exist in two isomeric 
forms, namely as the nitriles, ECN, which are carbazylic acid anam- 
monides, and the isocyanides or carbylamines, KNC, Avhich are 
esters of ammono carbonous acid, 

.1 />/>// o>/o 7// .sf/.s- oj Ethyl Isocyanide. Eegarded as esters of an 
ammono carbonous acid the isocyaiiides should be susceptible to 
ammonolytic decomposition to form ammono alcohols and hydro- 
cyanic acid just as aquo esters in general upon hydrolysis yield 
aquo alcohols and aquo acids. As a matter of fact such an am- 
moiiolytic decomj)ositioii of ethyl isocyauide has been accomplished 
by warming the ester in contact with either sodium amid(‘ or po- 
tassium amide in the absence of a solvent and also by dissolving 
the ester in liquid ammonia, adding an equivalent (piantity of po- 
tassium amide and heating the mixture for a time at a temperature 
of SO"". The reaction products consist of a limited amount of 
tarry material together with abundant yields of hydrocyanic acid 
and ethylamine. The reaction takes place in accordance with the 
equation, CoH.NC -f- KXHo =: CoII-XHo KNC, which represents 
the ammonolysis of ethyl ammonocarbonite to an ammono ethyl 
alcohol and potassium ammonocarbonate.^® The analogy between 

i^Beilstein and Guiitlier, Ann. Chcm., 108, 03 (1857); cf. Stiihler, Ber., 47 
586, 912 (1914). ’ 

16 Conroy, J. Boa. Chem. Inch, 15, 9 (1906). 

17 Maquenne, Ann. chim. phys., [6] 29, 223 (1893). 

18 Franklin, J. Phys. Chem., 27, 177 (1923). 
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this r 63 ctioii sud th6 fsinilifli’ siipoiiification of <iii oi(liii<iry ester 
so obvious as to require uo further elucidation. 

Looked upon as the ethyl ester of animono carbonons acid eth 
isocyanide undergoing hydrolysis instead of ammonolysis might 
expected to yield either ethyl alcohol and hydrocyanic acid, 

C,H,NC + H,0 = C,H,OH + HNC, 

or perhaps rather, ethylamine and aquo carbonous acid, 

GANG + H,0 = + 0 (OH) , ; 

or, since aquo carbonous acid is incapable of existence, its isome 
formic acid. As is familiarly known the hydrolytic decoinpositie 
of ethyl isocyanide follows the latter course. 

Oxidation of Methyl Ammonocarlordte. Another reaction 
support of the view that methyl isocyanide is an ammonocarbo 
ite is due to Gautier.^® Warmed gently in contact with mercur 
oxide methyl isocyanide is oxidized to methyl Isocyanate. The equ 
tion, OH 3 NC + HgO = CH 3 NCO + Hg, in accordance with whi< 
the reaction takes place, represents the oxidation of an ester ^ 
ammono carbonous acid to the corresponding N-ester of a mm 
aquo-ammono carbonic acid. Similarly Gautier showed that meth 
isocyanide is sulfldized by the action of sulfur at 130° (o meth, 
isothiocyanate, which is an ammono methyl ester of a thio-ammoi 
carbonic acid. 


Gsiutier, Ann. chim. phys.f [4] 17, 128 (18C9). 


CHAPTER XIII. 


AMIDES AND IMIDES OF SILICON, TITANIUM, 
GERMANIUM, ZIRCONIUM, TIN AND THORIUM. 

Ammono Silicic Acids, Silicon Tetramide, Si(NH2)4, Silico- 
(juanidine, HN=Si(NH2)2? SUieocyanamide. H^N-SirN, and Silicam 
{Silicodieyaniniide) , HNiSiiNj^. When treated with liquid am- 
monia at — 50 ° silicon tetrachloride is ammonolyzed in accord- 
ance with the e(iuation, SiCl4 + INHg == Si(NH2)4 + 4 HC 1 , to an 
ortho-ammono silicic acid known as silicon tetramide.^ This com- 
pound loses ammonia stepwise at the temperatures indicated in the 
scheme, 


1 ^ 00 ° 

HN(SiN)o- - > Si3N4, 

being thereby converted finally into silicic anammonide. All four of 
these ammono silicic acids are insoluble in liquid ammonia. Silico- 
guanidine and silicocyanamide are readily hydrolyzed by the action 
of water, silicam very slowly. 

Poiassiuni Ainmonosilieafc. An ins<duble, non-ciystalline prod- 
uct, in composition approximating the formula, SiH-N4K, has been 
obtained by the action of an excess of potassium amide on the pi*e- 
cipitate formed by the action of li(iuid ammonia on silicon tetra- 
bromide.- 

Whether the compound is a potassium salt of silicon amide, 
KNHSi (NH.J 3, of silicogiianidine, KNSi ( NH.) o-NH^, or of silicon 
imide, KN>^iNH.2NH3, is an open question. 

Petersen ^ has shown that silicon and aluminum in silicate min- 
erals may be determined quantitatively by fusing the finely pow- 
dered mineral with sodium amide in an atmosphere of ammonia, 
hydrolyzing the melt with water, acidifying with hydrochloric acid 
and then proceeding in the usual manner for the recovery of silica 
and alumina. 

1 Leiigfeld, Am. Cliem. J., 21, 531 (1890) ; Vigoroiix and Hiigot, Compt. rend., 
136, 1670 (1903); Blix and Wirbelaiier. Ber., 36, 4*220 (1903); according to 
Stock and Zcidler [Bcr., 56, 980 (1923)] silicoguanidine is formed by the action 
of liquid ammonia on silicon tetrachloride. 

2 Franklin and Hine, J. Am. Chem. Soc., 34, 1497 (1912). 

3 Petersen and Bergstrom, Ind. Eng. Chem., Anulytical Ed., 6, 136 (1934). 
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Some of the results obtained by Petersen are reproduced in Tab 
7. In the columns under I are given the silica and alumina conten 
of the several minerals which were opened by fusion with sodiu 
amide. The check data given in the columns under II were o 
tained by the ordinary sodium carbonate-potassium carbonate fusic 
method. 

Table 7. — Analyses of Minerals hy Fusion with Sodium Amide in an Atmosphe 

of Ammonia. 

I II 

SiOa AlA SiOa AlA 


Per Cent 

Feldspar 65.7, 65.5 18.8 65.5 19.0 

Serpentine 35.4, 35.1 .... 35.2 . . , . 

Soapstone 36.5, 36.7, 18.9 36.7 19.0 

36.5, 36.5 

Calamine 29.0, 28.9 .... 29.0 .... 

Soda glass 73.9, 74.1 .... 74.1 .... 

Lead glass 65.3, 65.4 .... 65.4 .... 

Pyrex glass 80.2, 80.1 .... 80.1 . . . . 

Glass sand 99.3, 99.3 .... 99.3 .... 


The hypothesis upon which this work was undertaken is to tl 
effect that just as fused sodium hydroxide dissolves aluminum sil 
cates to form sodium aluminates and sodium silicates so sodiui 
amide, the sodium base of the ammonia system, in dissolving alum 
num silicate should form a melt containing a mixiure ol* sodiui 
aquoalumiuates, sodium ammonoalum mates, sodium aquosilicatc 
and sodium ammonosilicates ; and that, furthermor'e, th<ii niixcMl sil 
cates thus formed should undergo hydrolytic de(‘om[K)si(i()n in 11: 
presence of water to yield the same jiroducis as art; ohlaiiUMl whe 
the ordinary sodium carbonate melt is trt'aled with waho'. Tl 
results obtained justify these speciilal ions which hal lo INd(*rsou 
work. 

Esters of Ortho Arnmoiio ^ilioio AeUL Silicon l(‘trachl()ride hr 
been observed to act with ethylamine, with aniliiu; and with ortla 
and para-toluidine to form compounds r(‘i)r(‘s(‘n((Ml hy lh(‘ r(‘sj)(‘ctiv 
formulas, Si(NHC.nj^, Si(NIICy[,), and Si(NII( ^,n,( d 

The reaction between silicon tetrachloride and el hy la mine for a: 
ample takes place in accordance with Ihe ecpiation, 

4 C 2 H 5 NH 2 + SiCl, =: Si(NnOJI,), + 411(d, 

which may be read as representing the action of a silicic acid clilo: 
ide on an ammono ethyl alcohol to form an ammono silicic aci 
ester. 

4Lengfeld, Am. Cliem. J., 21, 536 (1899) j Reynolds, J. Chum. Soc., 55, 47 
(1889); 77, 836 (1900); 87, 1870 (1905). 
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According to Reynolds, tidphenyl silicognanidine and silico di- 
plienyldiimide are successively formed as represented by the scheme, 

Si (NHCeH,) , 3 ^—.^ CeH,NzSi (NHCeH,) , 

CeH.NiStNCeHs, 

when silicic acid tetranilide is heated in a current of hydrogen. 
These compounds are to be looked upon as phenyl esters of the sili- 
con analogs of the ammono carbonic acids represented by the re- 
spective formulas, and NCNH^ ;i± NN=C=NH. 

In the presence of water all these ammono silicic acid esters are 
hydrolyzed to aquo silicic acid and the respective amines. 

It is worth while in this connection to recall the existence of 
silicon nitrogen compounds represented bv the following formulas. 
(1) (SiH3)2NH, (2) (SiH3)3N, (3) SiH^i^NH, (4) HSi(NHCeH,)3, 
(5) HSi(NH)-NH-(NH)SiH, (Q) HSiN^SiNH, (7) HoN-(NH)- 
Si-Si(NH)NH 2 , (8) N:Si-Si(NH)NH 2 , and (9) SiN, and to point 
out that silicodimethylamine (1) and silicotrimethylamine (2) are 
to be regarded respectively as an ammono-silico methyl alcohol and 
an ammono-silico methyl ether. Formula (3) represents the silicon 
analog of methyleneimine. Formula (4) represents a triphenyl 
ester of ortho-ammono silicoformic acid, (5) an ammono silico- 
formic acid, (G) either a silico formic aiiammonide or an ammono 
silicious acid, (7j and (8) ammono-silico oxalic acids. Formula (9) 
if written SioNo represents silico cyanogen, which is the anam- 
monide of silico oxalic acid. 

Silico dimethylaniine (1) and silico trimethylamiiie (2j are vola- 
tile inonomoleciilar liipiids. Silico m(Uhyleneimine ( .*> i has becui ob- 
tained as an associated liquid which ra[>idly goes over into a solid 
polymer. The other compounds, ex<*e[)ting (4), are known only in 
their highly polymerized forms.^ 

Ammono Titanic Acids. Titnnhon Tctni tindc, TiiXIlol.^, 7’/- 
tanocijanmnUJe, II.XTiN. lllix and W'irbelaiier tell us that ti- 
tanium tetraniide, Ti(Nno) 4 , is formed by the action of li<pud am- 
monia on titanium chloride and that the tetraniide when heated is 
converted into titanium diimide, Ti (NH u. Both these compounds 
are to be regarded as ammono titanic acids. 

Potassium Ammonotifanatc, XETi-XIIK, HX-Ti^XTY. Titanium 
nitride-bromide, XTiBr, in contact with a liipiid ammonia solution 
of potassium amide in excess is slowly converted into a brick-red 
powder approximately of the coinpiosition represented by the above 

5 stock and Zeidler, Ber., 56, 0S6 (1923); Ruff, Bcr., 41 , 3738, 3743 (1908); 
Schwarz and Sexauer, Be7\, 59, 333 (1926). 

6 Blix and Wirbelauer, Ber., 36, 4220 (1003); Stiihler, Ber., 38, 2629 (1905); 
Ruff and Eisner, Ber., 41 , 2150, 2251 (1908j. 
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formula/ The action of the potassium ammono base on titanii 
bromide-nitride takes place as represented by the equation, 

OTiBr + 2KNR, = NTiNHK + KBr + 


This potassium salt of an ammono titanic acid is vigorously hyd 
lyzed by the action of water to aquo titanic acid, potassium hydrc 
ide and ammonia. 

Ammono Germanic Acids. 1 . Germanic ImidCj Ge(Nri).,. T1 
germanium analog of cyanamide is obtained as a white, amorpho 
powder by the action of liquid ammonia on gernianic chloric 
GeCl^ + 2NH3 = Ge(NH) , ^ NGeNPL + 4 II 01 .« 

Johnson and SidwelP have recently obtained ])nre s|)ecimens 
germanic imide by the ammonolytic action of li(piid ammonia < 
germanic iodide. 

2. Germanam, (NGe)olS^H, which is the gennanium analog of c 
cyanimide, (NC)2NH, and of silicam, (¥81)2^11, was obtained 1 
Schwarz and Schenk by heating germanic imide at 150 °. win 
germanam is heated at 300 ° germanic nitride is formed. 

Attempts have not been made to prepare alkali metal salts 1 
the ammono germanic acids. 

Ammono Germanic Acid Esters. Johnson and Sidwell showc 
that ethylamine acts on gemanic iodide to form the (‘om[)onnd re 
resented by the formula, Ge(NCoirj2, which is (hc^ g<o'maniiim an 
log of N-jN''-diethylcyanamide. It may ha said (o b(‘ a dicdliyl an 
monogermanate. 

Ammono Germanous Acids. GcrmunouH Imide, G(‘ Nil. Tlii 
ammono germanous acid, which is the germanium analog of hydn 
cyanic acid, has been obtained as a yellow, insoluble^ powd(‘r by th 
ammonolytic action of liquid ammonia on gcirmanous iodid(^^<* 


Gels + NH3 1= GeNH -f 2 HI. 

The compound readily hydrolyzes to germanous hydroxide and an 
monia. 

Ammono Zirconic Acids. Stabler and Denk,^^ assum(*d that zi 
conium tetramide is formed when the product of the action of liqui 
ammonia on zirconium iodide is washed with li(iuid ammonia. Tliei 
product however was far from pure. 

1931, CO; Tl.onuis i.n.l , J. Chen 

9 Jolmsoii and Sidwell, J. Urn. Chem. 80c., 55 1884 ( 1 <) 8 : 1 ). 

10 Johnson, Morey and Kott, J. Am. Chem. 80c., 54 4278 (U):r^) 

11 Stabler and Denk, Ber., 38, 2517 (1905). ’ 
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Ammono Stannic Acids. Of the theoreticall}’ possible ammono 
stannic acids but one is known and that in the form of its potas- 
sium salt only. 

Potassiu m A mmon ostanna te, KoSnNo.lNHs. When potassium 
amide in excess is added to a liquid ammonia solution of stannic 
iodide a precipitate of tetrammonated potassium ammonostannate 
is formed as represented by the equation, 


SnI, + 6KNH2 K,SnNo.4NH3 + 4 KI."- 

In contrast with the impure, amorphous ammonosilicate and am- 
mono titanate prepared as described above the ammonostannate was 
obtained in the form of microcrystals of sharply definite compo- 
sition. 

Potassium ammonostannate may be represented as a tetrammo- 
nated salt of stannocyanamide, NifSn-NKo.lNHy, as a triammonated 
salt of stannoguanidine, HN=Sn( NHK) 0.3NH3, as a diammonated 
salt of ortho ammono stannic acid, (113^)0^11 (NHK)2.2NH3, as a 
molecular compound of stannic amide and potassium amide, vSn- 
(NH.> ) 4.2KiS'H3, or following Werner/^' and Pauling,^^ as a coordina- 
tion compound, KoSn(NH2)6. 

Ammono Stannous Acid. Eta h nans Iniide, Sn=NH, is formed as 
a brown amorphous precipitate when a dilute solution of ammonium 
bromide in liquid ammonia is added to a similar solution of potas- 
sium ammonostannite. The reaction involved is represented by the 
equation, SnNK.2Nri3 + Nlljlr 1= SnXH -f KBr -f- ov in 

principle and more simply, SnNK 4- IIBr = SiiNH -f- KBr.^^ Like 
stannous hydrous oxide stannous imide is an amphoteric compound. 
It dissolves ii^ a liquid ammonia solution of ammonium thiocyanate 
to form stannous tliiocyanale and in a solution of potassium amide 
to yield [)otassium aminonostannilcc When lumted in vacuum to 
dlO"" stannous imidt^ los(‘s ammonia and ]>ass(^s over into stannous 
nitride. 

J*()tassli( Anunonos-taa nifc, SiiXK. 2 XH.,. According to Berg- 
strom this compound is formed as represented by the eiination, 
lOSn -j- GKXHo 2KSnXK.2XIL -|- K^Sn^, when metallic tin is 
treated with a liquid ammonia solution of potassium amide. It is 
interesting to note that the reactions involved are analogous to 
those which take place when chlorine, or sulfur or phosphorus, for 
example, is treated with aqueous potassium hydroxide or when sul- 

1- Fitzgerald, J. Awi. Client, ^oc., 29, U>1>3 (FJUT). 

1 ;^ W'eriier, ‘‘Xeuere Aiischauuiig auf dein Gebiete der anorgischeii Cliemie/^ 
]iraiii!s<.:h\vt.‘ig. 1913, P- lad. 

Cl ibiuling, J. Am. Chem. ^oc., 55, 1398 (1933). 

15 Bergstrom, J. Phys. Client.^ 32, 43S (1928). 

i<^ Bergstrom, J. Phys. Chem., 30, la (1926). 
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fur is dissolved in liquid ammonia. Bergstrom also prepared po 
tassium ammonostannite by the action of potassium <imide on stan 
nous chloride, 

SnOla + 3KNH, = BnNK + 2KC1 + 2NIT,,. 

Just as potassium aquostannite may be oxidized to the aquo 
stannate in water solution so by the action of iodine and an excess 
of potassium amide in liquid ammonia solution potassium ammono 
stannite has been nitridized to potassium aunuonostannate." Th( 
reaction involved may be represented by the equation, 

SnNK + SKNHj + 21 = Sn(NK), + 2KI + 2Nn3. 

Sodium Ammonostannite, SuNNa.NH,,, Bergstrom preparet 
this salt by the action of sodium amide on metallic tin after th( 
manner indicated above for the preparation of the potassium salt 
Both potassium ammonostannite and sodium ammonostannite an 
very soluble in liquid ammonia. 

Thorium Amide, Th(NH 2 ) 4 , Thorium Imide, Tb (Nil).,. Accord 
ing to Ohauvenet^® thorium amide, thorium imide and tliorium ni 
tride are formed successively when the product of the action o: 
liquid ammonia on thorium tetrachloride is heated finally to red 
ness. 

17 Bergstrom, J. Phys. Cliem., 32, 449 (1028). 

18 Chauvenet, Ann-, chim. phys., [8J 23, 4(50 (101 1). 


CHAPTEE XIV. 
HYDEAZOIC ACID. 


Some of the methods for the preparation of hydrazoic acid and 
many of its reactions lead fairly definitely to the conclusion that 
it is an ammono nitric acid. OUier methods of preparation and a 
few of the reactions of hydrazoic acid are best explained on the as- 
sumption that it is a cyclic nitrous acid hydrazide while certain 
minor considerations lend some support to the view that it is a 
cyclic ammono hyponitrous acid. In this situation, which will be 
discussed in some detail as we proceed, it seems reasonable to say 
that hydrazoic acid is a tautomeric compound to which any one of 

the formulas, X: EN, or HX= may be ascribed." The 

first formula represents the hydrazoic acid molecule as contain- 
ing two ammonia nitrogen atoms and a nitric acid nitrogen atom, 
the second, one nitrous acid nitrogen atom and two nitrogen atoms 
in the state in which they exist in hydrazine. In the third formula 
two of the nitrogen atoms are hyponitrous acid nitrogen, the third, 
ammonia nitrogen.^ 

After calling attention to certain striking similarities in the be- 
havior of nitric acid and hydrazoic acid toward reducing agents 
Turrentine ^ expressed his conception of the nature of hydrazoic 
acid in the following words. 

“Assuming that an analogous reaction implies an analogous struc- 
ture, the formula, is proposed for hydronitric acid, which 

is a parallel formula to IKJXO,, commonly accepted as representing 
the structure of nitric acid. In the one instance pentavaleiit iiitro- 
g(‘n, the nucleus of the molecule, is united to nitrogen, and in tin" 


iTlio reader ^vill recall tlio sense in wliicdi it has been i>rop«jsfd t.. use small 
l)lus and minus si^ns, the colon and dmible colon. i i : 

2 Browne and Wilcoxon [J. Am. them. Sor., 48, 0S3 ( lirib . ] say tliat di.ydi a/mo 
acid may therefore be looked upon as Jn/dimzo mfi'ous acid, a nitron> acid ot the 
hydrazine system, experimentally obtainable by hjidnr-nwlihsis ot nitrous acid. 
This statement implies that hydrazine is to be reoarded as the })artmt suhstaiicc 
of a system of comiionnds in the same way that water and ammonia are taken 
to be the parent substances respectively of the oxy^mn and nitrogen systeni^. It 
may be noted in this connection that hydrazine is a nitrogen analog of hy.lrogei. 
peroxide and that as such it lielongs to the nitrogen system in the same sense 
that hydrogen peroxide may be said to belong to the oxygen system ilydraziiio 
nitrous acid is a reasonable enough name for a nitrous acid h\di azide. 

3 Turrentine, J. Am. Chem. Soo., 34, 3S6 (1912), 
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other, to oxygen. . . . Hydronitric acid, then, must he regarded 
a iiitridizing agent, analogous to nitric acid, an oxidizing ager 
and just as nitric acid is a hydrated oxide of nitrogen, liydroniti 
acid may come to be regarded as an ammoniated nitride of ] 
trogen.'' 

Sometime before the publication of Turrentine’s paper Thiele ^ i 
tempted to show that the structure of hydrazoic acid is to be repi 
sented by the formula, H-N=NzN, rather than by tlie cyclic formu 
of Fischer and Curtins. At about the same time the writer ^ spec 
lating upon the possible existence of a nitric acid of the nitrogi 
system came to look upon hydrazoic acid as an aminono nitric ac 
and as such to have its constitution represented by the formu] 
it being understood that the middle nitrogen represen 
nitric acid nitrogen, the outer two ammonia nitrogcm. 

Formation. 1 . On the assumption that hydrazoic acid is an lu 
mono nitric acid it was surmised that it might be possible to obta 
the acid by the ammonolysis of a(pi() nitric acid in accordam 
with the equation, HOm + 2NH3 z=i HNNN + 3 HA). No reactioi 
take place when either ammonium nitrate or potassium nitrate 
heated in liquid ammonia solution. However it was found that h 
drazoic acid in the form of Its potassium salt, together with ])ota 
slum hydroxide, is obtained when a liquid ammonia solution co: 
taining potassium nitrate and potassium amide is hcmied for a tin 
at temperatures around 80 ° to 90 °.^ 

It was later found that higher tem[)eratnres up to 120" lo 14 ( 
give better yields in a shorter time. At still higher ieniperal me 
200° or higher, liberal (luantities of nitrogen nvo scd fr(H‘ and tl 
yields of potassium azide are lower.'^ 

Representing the reaction involved by I he e(pianon, 

KO- -N! = KN; ;N: EN + ;{KOI I + N I f,, 

and assuming that the nitric acid nitrogen inescuil in [)olassiui 
a(piouitrate persists as such in potassium azide il will 1)(‘ cl(>ar llni 
potassium aquonitrate undergoes ammonolysis to form j)otassiui 
ammononitrate. 

Following the above procedure and using potassium amide in e> 
cess yields of potassium azide as high as seventy-fiv(i jxu* cent of th 
amount calculated on the basis of the above equation were obtainec 
By using sodium nitrate and sodium amide yields of sodium azid 
Thiele, i?cr., 44, 2522 ( 1911 ). 

5 Franklin, Eighth Int. Cong. App. Ghem., 6 119 (lOFM 

« Franklin, S'cience, 56, 28 (1922), ’ 

7 Franklin, J. Am. Ghem. Eoc., 56 , 568 (1934). 
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up to sixteen per cent were obtained, while an eighty per cent yield 
of lead azide was achieved Iw lieating lead nitrate with an excess of 
potassium amide in liipiid ammonia solution. It is interesting to 
add that attempis to ammouolyze potassium nitrate by heating 
liquid ammonia solutions of this salt together with potassium amide 
in a closed steel tube were unsuccessful. Iron was found to inhibit 
the formation of potassium azide. Chuck ® identified potassium 
azide as a product of the action of fused potassium amide on potas- 
sium niti'ate in an atmosphere of ammonia. 

Browne and Wilcoxon obtained good yields of sodium azide by 
the action of fused sodium amide on sodium nitrate. 

The reaction represented by the above eipiation read from right 
to left has not been accomplished, that is to say potassium azide has 
not been converted into aquo potassium aquonitrate by the hydro- 
lytic action of water alone or of a water solution of potassium hy- 
droxide or of sulfuric acid. 

2. Assuming that nitrous oxide has the structure represented by 

the formula, NE it follows that the well-known method for the 

pi^eparation of sodium azide by the action of nitrous oxide on so- 
dium amide in accordance, let us say, with the equation, 

NE :N: =0 + NaNH, = NE :N: =NNa -f H^O, 

may be explained as consisting in the formation of a sodium am- 
mononitrate by the interaction of nitric anhydride-anamonide and 
the sodium ammono base. The formation of sodium azide takes 
place when nitrous oxide is passed over hot fused sodium amide 
or by the action of the gas on sodium amide in liquid ammonia solu- 
tion.^- xVccording to Wislicenus zinc azide in small yield is ob- 
tained when nitrous oxide is passed over hot zinc amide. 

K^ince however nitrous oxide is formed by the loss of water from 
K* -OH 

aquo hyponitrous acid, :: — > : : =0, one might reasonablv sav 

N’-OH ' X' 

that it is an hyponitrous anhydride which reacts with sodium amide 
to form a cyclic sodium ammonohyponitrite. Browne and Wil- 
coxon have suggested that hydrazoic acid may be regarded as an 
ammono hyponitrous acid. 

3. Hydrazoic acid, nitrous oxide, nitrogen, watiu* and ammonia 
are formed by the interaction of hydrazine and nitrous acid in waten* 

•» Faw Yap Clmek, Thesis, Stanford University, 11)2."). 

Browne and Wilcoxon, J. Am. (licrn. 48, (1020 ), 

11 W. Wislicenus, Btr., 25, 2084 (1802); Dennis and Browne, J. Am. (hem. 
Soc., 26, 577 (1904). 

1“ Joannis, Compt. rend., 118, 714 (1894). 

13 Browne and Wilcoxon, J. Am. Chem. Soc., 48, 685 (1926). 
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solution, tlie relative yields depending upon conditions which m 
not be considered here.^^ 

Angeli obtained silver azide by bringing silver nitrite and ] 
drazine sulfate together in water solution. 

Dennstedt and Gohlich^® prepared hydrazoic acid by the int 
action of potassium nitrite and hydrazine sulfate in aqueous s 
furic acid. 

The most obvious explanation of the appearance of hydrazoic ac 
among the products of the interaction of hydrazine and nitrous ac 
is to the effect that a cyclic nitrous acid hydrazide is formed 
accordance with the equation, 

: NHs HaN : :N- 'OH HN ; N. 

Sf 


The action of hydrazine and its derivatives on nitrons acid and < 
the diazo compounds will be discussed in some detail later. 

4. Curtius first obtained hydrazoic acid by hydrolyzing benzo 
azide which is formed by the action of nitrons acid on benzo 
hydrazide.^^ The reactions concerned may be represont(Ml by t 
scheme, 

CeHsCO- -NH : C„H,CO> -NH : N: :N’ -OH ^ 

(I) (II) 


C,H5C0--N:N- 

(III) 


+ IT/) 




^IINrN, 

(IV) 


and interpreted as consisting in the successive formation of Iv 
benzoic acid nitrous acid hydrazides, (11) and (111), followed i 
the hydrolysis of benzyoyl azide, (III), to aipio benzoic acid and tl 
cyclic nitrous acid hydrazide (IV). 

5. Hydrazoic acid is among the products of tlie action of certai 
oxidizing agents on hydrazine.^^ Supplementing the st)(‘cnlali()i 
of the authors inferred to above it may be assumed (hat Ihe forin 
tion of hydrazoic acid by the action ot oxidizing ageiils on hydr 
zine takes place in accordance with the equations, 


CurtiuSj Ber., 26, 1263 (1893); Sommer and Piiieas, Bcr., 49 209 (1 91(5 
15 Angeli, Atti. accad. lincei, [5] 2, I, 568 (1893). ’ * 

i« Dennstedt and Golilich, Chem. Ztg., 21 870 (1897) 

17 Curtius, 5er., 23, 3028 (1900). 

18 Bray and collaborators, J. Am. Chem. Boo., 46 858, 1788 1796 isiO (19' 

27, 651 (1905) ; Browne and Slettorly,’ J. Am. 
Boc„ 29 , 1305 (1907); 30 , 53 (1908) ; 31 , 221, 783 (1909). 
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H,N:NH, + 0= 


: KHo + 20 = =0 + H,0 and 


:]Sr-]srHo 


-HoO - ^ -NHs 




tlie first of wliicli represents the oxidation of hydrazine to an un- 
known aquo-ammono nitrous acid which should decompose directly 
to form nitrogen (nitrous anammonide) and ammonia or react with 
a second molecule of hydrazine as represented by the second equa- 
tion to form a nitrous acid hydrazide and water. This open chain 
hydrazide^ which is kno^vm in the form of derivatives, losing am- 
monia passes over into the cyclic nitrous acid hydrazide, namely 
hydrazoic acid. The formation of phenylazide by the action of aug- 
menting agents on certain diazo compounds is discussed in Chap- 
ter XXXI. 

5. Good yields of hydrazoic acid have been obtained by shaking a 
benzene solution of nitrogen trichloride with a water solution of 
hydrazine.^® 

Since the mechanism of the reactions concerned is not obvious it 
is perhaps best to say simply that hydrazine, under the action of 
hypochlorous acid chlorine, is nitridized to ammono nitric acid. 
However it is interesting to observe that the formation of hydrazoic 
acid as thus accomplished may be explained on the assumption that 
a hypothetical nitrous acid chloride, which would be a tautomer 
or at Silly rate a potential form of hypochlorous anammonide, acts 
on hydrazine as represented by the equation. 


: XHo + X: ECI 3 = HX : X + 3HCT, 
Sf 


to form a nitrous acid hydrazide. In view of the fact that the nega- 
tivity of chlorine is only slightly less than that of nitrogen it is 
perhaps fair to assume that, de})eiiding upon conditions, nitrogen 
trichloride is ready to act either as a chlorine nitride or as a ni- 
trous acid chloride. 

structure. It will be clear from the above discussion that in so 
far as methods of preparation are concerned no definite coiiclusions 
can be drawn in respect to the constitution of hydrazoic acid. In 
the liquid state and in the form of its alkyl and aryl derivatives it 
is probably best looked upon as a tautomeric mixture of the open 
chain and cyclic forms in which the latter perhaps predominates 
since determinations of the parachors of a number of liquid azides 
are in harmony with the cyclic structure of the azide group. On 

19 Tanatar, Ber., 32, 1399 (1899). 

20 Pauling, J. Am. Cliem. &oc., 54, 3677 (1932). 

21 Lindemann and Thiele, Ber., 61, 1529 (1928) ; Gdtzky, Ber., 64, 1557 (1931). 
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the other hand crystal stnictiire measurements show that salts 
hydrazoic acid are to be represented by the chain formula. -- 

We shall find as we proceed that the reactions into whi{‘h hydi 
zoic acid enters do not definitely establish its structure. The lar 
majority of its reactions are reasonably explained on the assum 
tion that it is an ammono nitric acid^ others e(iually readily on t' 
assumption that it is either an ammono nitric acid or a nitro 
acid hydrazide while a few seem to require that it act as a nitro ’ 
acid hydrazide. None apparently demands that hydrazoic acid a 
as an ammono hyponitrous acid. 

Hydrazoic Acid as a Nitridizing Agent. Looking ujxm hydr 
zoic acid as the ammonia analog of ordinary nitric acid then just ; 
the latter acid is familiarly known to be a powerful oxidizing age] 
so one might expect hydrazoic acid to exhibit in a more or less co: 
spicuous manner the properties of a nitridizing agent. As a math 
of fact many of the reactions into which hydrazoic acid enters sho 
that it possesses such properties. 

Action on Metals. In liquid ammonia solution hydrazoic aci 
acts on sodium, potassium, lithium, calcium and magnesium wit 
the formation of the respective metallic azides and hydrogen gas. 
In these reactions no augmentation is involved beyond the delectrv 
nation of the metals to their respective ions and the reduction ( 
ionic hydrogen to elementary hydrogen. The azide group remair 
intact. 

In water solution on the other hand hydrazoic acid attacks ce: 
tain metals to form metallic azides, nitrogen and ammonia, and nc 
with the evolution of hydrogen as originally reported by Curtin 
and Eissom,-^ in their account of the action of hydrazoic acid o: 
metals. 

Some years ago Turrentine and Moore observed t hat in aqueoii 
solution hydrazoic acid acts on metallic co[)per to form cu[)ric azid( 
nitrogen and ammonia. More recently it has been shown in tlii 
laboratory that aqueous hydrazoic acid acts on zinc, iron, mar 
ganese, nickel and copper without the evolution of hydrogcm to fori) 
the respective metallic azides, nitrogen and ammonia togelher witl 
small amounts of hydrazine, and that metallic magnesium dissolve 
with the formation of magnesium azide, nitrogen, ammonia, hydra 

22 Hendricks and Pauling, J. Am. Chem. 8og., 47, 2904 (1925) ; Ciiiitlier, For 
ger and Eosband, Z. phymk. Chem., 6, B, 459 (1930). 

23 Browne and Houlehan, J. Am. Chem. Soc., 33, 1750 (1911 ). 

24 Curtius and Eissora, J. praJct. Chem., [2] 58 , 267, 291, 298 (1898) • Curtin 

and Darapsky, J. prakt. Chem., [2] 61 , 420 (1900). ' 

25 Turrentine and Moore, J, Am. Chem. 8oo., 34, 382 (1912). 

2eFaw Yap Chuck, Thesis, Stanford University, 1925; J. B. Harker Thesis 
Stanford University, 1927; E. E. Goodyear, Thesis, Stanford University 1928 
Franklin, J. Am. Chem. 8oc., 56 , 568 (1934). 
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zine and hydrogen. It will be recalled that hydrogen is among the 
products of the action of nitric acid on magnesium. Cooke iden- 
tified hydrazine among the products of the action of reducing agents 
on hydrazoic acid. 

The action of aqueous hydrazoic acid on zinc, iron, manganese, 
nickel and copper resembles in a very striking way the action of 
ordinary nitric acid on the same metals. When, for example, me- 
tallic zinc dissolves in aquo nitric acid zinc nitrate and, depending 
upon conditions, various reduction products of nitric acid are 
formed. Nitric acid oxidizes the zinc while simultaneously zinc 
reduces the nitric acid. Similarly under the action of hydrazoic 
acid metallic zinc is nitridized (augmented) to the dipositive state 
while at the same time the ammono nitric acid is reduced, let us 
say, to ammono nitrous acid. This unknown compound immediatel3' 
loses ammonia to form an hypothetical nitrous anamrnonide which 
of course appears as elementary nitrogen. The reactions involved 
may be represented by the equations, 

(1) Zn + 2HN- :NE :N zn Zn (N= :NJ EN) o + 2H 

(2) HNi :N: EN + 2H HN= :N* -NH, 

(3) HN3 :N^ -NH, ~ (N: EN j N, + NH^. 

It is of course not necessary to say that hydrogen ions are first 
reduced by the zinc and that the nascent hydrogen thus formed in 
turn reduces the ammono nitric acid to the hypothetical ammono 
nitrous acid. Much more reasonably it may be assumed that the 
zinc reduces the nitric acid directly as represented, in principle, by 
the equation. 


Zn -f HN= :NJ EN Zn- + HN=:N-N -. 

Two electrons passing from the zinc atom to the nitric acid nitrogen 
atom brings about the augmentation of zero valent zinc to the zinc- 
ion and the reduction of nitric acid nitrogen to nitrous acid nitro- 
gen. In any event, and independently of wliat the meclianism of the 
reactions invoh'ed may be, it is clear that the action of hydrazoic 
acid on metallic zinc closely resembles that of aqiio nitric acid on 
the same metal. 

Action on the Halogen Acids. 1. Hydrazoic acid, in water solu- 
tion, nitridizes liydr iodic acid forming iodine, nitrogen and am- 
monia.'*’^’ As has already been done in explanation of the action of 
zinc on hydrazoic acid it is reasonable to suppose that an ammono 

~6a Cooke, Proc. Chvni. Soc.^ 19, 213 (1003). 

-’ub Hofmann, Hoek and Kirnireiitlier, Ann. Cltcni.. 380, 140 (I'Jll); Browne 
and Hoel, J. Am. Chem. &oc., 44, 2116 (1922). 
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nitrous acid is the primary product of the reducing action of hydri- 
odic acid on ammono nitric acid, 

HN::N-NH2 = + NH3. 

— 2HI 

2. Browne and Hoel liave also shown that small amounts of 
chlorine are set free when a water solution containing hydrochloric 
acid and hydrazoic acid is heated to boiling, while observations 
made in this laboratory have shown that bromine is formed when 
sodium azide is heated with acjiieous hydrobromic acid. 

3. A mixture of hydrochloric acid and hydrazoic acid in water 
solution shows the x>i‘operties of aqua regia to the extent at least 
that such a mixture dissolves gold and platinum.-^ 

A Avater solution containing sodium azide and hydrochloric acid, 
together with a few centigrams of metallic gold, was sealed in a 
glass tube and heated in a water bath to 100°. After a few min- 
utes it was obvious from the yellow color of the liquid that the gold 
was going into solution. After an hour the gold had disappeared 
and the solution had taken on the strong yellow color of a solution 
of auric chloride. Addition of stannous chloride to a small portion 
of the solution, diluted for the purpose of the test, gave the purple 
of Cassius reaction. Furthermore, metallic gold was recovered from 
the solution by the reducing action of ferrous sulfate. 

A few centigrams of platinum black was similarly heated in a 
sealed tube with an aqueous solution of sodium azide and hydro- 
chloric acid. The platinum was attacked and after a time a pre- 
cipitate of ammonium clilorplatiiiate appeared, the ammonia re- 
quired for the formation of this salt resultiug from the reduction 
of hydrazoic acid. Neither gold nor platinum is attacked when 
heated with liquid ammonia solutions of ammonium azide and am- 
monium chloride at temperatures as high as 200°.-"'^ 

Presumably the reactions here involved run more or less closely 
parallel to those which take place when aqua regia dissolves plat- 
inum. It is known that aqua regia augments hydrochloric acid to 
chlorine and is itself reduced to a nitrous acid cliloride. 


HONOo + 3nci = ONCl + Cl, + 211,0.^'^ 


The purely hypothetical equation, 

27 Turrt'iitiiie, J. A7n. CJictn. 34, (lUl'i) ; Kraiikliii, -/. .1///. ('hcni. Soc., 
56, aOS (n);)4); Curtins and Uissoin [J . prakt. C/icui., [lij 58, -OS (1S!)S)| la- 
trac't an aarlinr s(jnie\vliat tentative statement by C'urtius | 23, -)()27 ( lS!M)j | 
to tlie eilVet that tlie noble metals are attaek(‘d by aciueoiis bydra/.oie aei<l. 

27a Unpublished observations. 

2ii (joldseliniidt, A}ui. Clwin., 205, (ISSO) ; Lungi' and Ihdel, nay, Chcm,, 
8, 3 (1805). ■ ' • ' 
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may be written to represent the interaction of hydrazoic acid and 
hydrochloric acid. The nitrons acid imide-chloride breaks down to 
form nitrogen (nitrous anammonide) and hydrochloric acid. The 
nascent chlorine augments metallic platinum to form platinic chlo- 
ride which unites with the ammonium chloride formed in the solu- 
tion to give ammonium chlorplatinate. 

Action 0)1 Certain Inorganic Compounds. 1. When sodium azide 
is added to a solution of ferrous sulfate, made acid by the addition 
of hydrochloric acid, and the solution is warmed, the ferrous iron is 
augmented to ferric iron. So also according to Harker ferrous azide 
formed by dissolving metallic iron in aqueous hydrazoic acid, is 
augmented to the ferric salt \vhen the solution is warmed with an 
excess of the acid. 

2 . Hydrazoic acid augments hydrogen sulfide in wnter solution to 
elementary sulfur and finally to sulfuric acid. 

3. Chuck dissolved stannous chloride in molten sodium amide in 
an atmosphere of ammonia. Presumably a mixture of sodium am- 
monostannite and sodium chloride in solution in fused sodium amide 
was formed. It w^as found on dissolving the melt in waiter that 
the tin w’'as present as stannous tin. In a second experiment so- 
dium azide wms gradually added to the yellow^ melt, formed by 
dissolving stannous chloride in fused sodium amide, until the color 
had disappeared. The cold cake wais treated first with waiter and 
then with hydrochloric acid. The tin in the solution thus formed 
wais found to be in the stannic state. It follow’s from these observa- 
tions that a sodium ammonostannite, formed by dissolving stannous 
chloride in an excess of molten sodium amide, 

kSuCL + 3XaXH, = Sn=X^Xa -f 2XaCi + 2XH., 

is nitridized to a sodium ammonosl annate by the action of sodium 
ammoiioiiitrate, SmX-Xa + XaX=XzX = Xa-X=Sn=X-Xa -j- X^. It 
wall be recalled that potassium and S(Kliuni amnioiiostannites and 
ammoiiostannates have been prepared. (C7. Chapter XIII.) 

4. According to Paschig stannous chloride in hydrochloric acid 
solution reduces hydrazoic acid to ammonia and nitrogen wdiicli in 
other w^ords is to say that hydrazoic acid augments stannous chlor- 
ide to stannic chloride, 

SnCL + 2HC1 -f HX-XEX = SnCl, + ^2 + 

29 Hart, J. Am. Chem. 80 c., 50, 1924 (192S). 

30 Eascliig, “Schwefel- und Stickstofi'studien/’ p. 213, Leipzig-Berliii. 
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It is reasonable to suppose that an ephemeral ammono nitrous acid 
is formed which immediately decomposes to form nitrogen and am- 
monia. 

5. The addition of sodium azide to fused sodium cyanide con- 
verts the latter into disodinm cyanamide. As has already been 
shown (ef. Chapter XII, p. 130) the reaction involved consists in 
the nitridation of sodium ammonocarbonite to a sodium ainmono- 
carbonate. 

Action on Alcohols, Aldehydes and Ketones. Just as nitric acid 
energetically oxidizes the alcohols, aldehydes and ketones so one 
might expect to find these compounds ready to undergo nitridation, 
or in general terms augmentation, under the action of hydrazoic 
acid. Of the limited number of reactions of this kind which have 
been studied the following are examples. 

1 . Chuck found that acetaldehyde, acetic acid, methylamine and 
ammonia are formed when a water solution containing ethyl alco- 
hol, sodium azide and sulfuric acid is heated. A reasonable ex- 
planation of Chuck’s results is embodied in the schemes, 

CHaCH^OH— 4“CH3CH(NH,)0H CHXHO^ CH.COOH 

— NHa 

CH 3 CH 3 OH CH 3 NHCH 3 OH CH 3 NH, + CH„0, 

in accordance with which ethyl alcohol is augmented partly to alde- 
hyde ammonia and partly to the formaldehyde acetal, CHaNII- 
CH^OH. The former compound in the presence of sulfuric acid 
yields acetaldehyde which in turn is augmented to acetamide. This 
a(iuo-ammono acetic acid is then hydrolyzed to acpio acetic acid 
and ammonia. The latter compound, in acid solution, breaks down 
to form aqiio formaldehyde and methylamine. Chuck was unable 
to identify formaldehyde or formic acid among the reaction prod- 
ucts. He did not test for carbon dioxide. 

2. Benzyl alcohol heated in a similar manner with sodium azide 
and dilute sulfuric acid was found by Chuck to yield benzaldehyde, 
benzoic acid and aniline in fair quantities though the chief product 
formed was a tarry oil the nature ol‘ Avhirh remains unkno^^m. 

3. According to Schmidt m-nitrophenylcyanide, ni-nitraniline 
and carbon monoxide are formed when a mixture containing hy- 
drazoic acid, benzene, sulfuric acid and m-nitrobenzaldeliyde is gen- 
tly heated. The reactions involved may be explained as taking 
place as represented by the scheme, 

31 Faw Yap Chuck, Thesis, Stanford University, 1U25. 

32 Schmidt, Ber., 57, 704 (1924); Chem. Ahstractfi, 19, 3248 (1925). 
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0,NCeH,CH0 


+ HN3^ 

-N. \ 


O.NCeH^CONH^ > O.NGgH.CN 

6 4 2 ^ ^ 

O^NCeH.NHCHO OoNCgH.lSfH. + CO. 


In accordance with the upper branch of the scheme the aquo alde- 
hyde is nitridized to a carboxazylic acid (an acid amide) which in 
the presence of strong sulfuric acid is dehydrated to the correspond- 
ing acid anammonide. In accordance with the lower branch the 
aldehyde is nitridized to a carboxazylic acid ester. This N-ester 
of an aquo-ammono formic acid breaks down under the action of 
sulfuric acid to form m-nitraniline and carbon monoxide after the 
manner of the decomposition of formamide to ammonia and carbon 
monoxide. 

4. Under similar treatment acetone is converted practically 

quantitatively into methyl acetamide, which is to say tliat an aquo 
ketone is nitridized by the action of ammono nitric acid to the 
N-methyl ester of aquo-ammono acetic acid as represented by the 
equation, (CHJ ^CO + 1 = CH 3 CONHCH 3 + No. The\*eac- 

tion involved is strictly analogous to that of the action of oxidizing 
agents on acetone. In the one case the ester of a carboxazylic acid 
is obtained in the other, since methyl aquo acetate is readily hydro- 
lyzed, the free carboxylic acid, namely aquo acetic acid, results. By 
the same treatment benzophenoue has been converted quantitatively 
into benzanilide. 

5. Schmidt lias shown furthermore that a(*etoacetie ester reacts 
with hydrazoic acid as represented by the equation, 

GHX'0( 'irj-’c >oc,n, — cn/'( »-NH-< 'ir ',,11,, 

lo form ethyl acetylaminoaeetate. A ketone is thereby nitridized to 
a derivative of a carboxazylic acid. 

(). So also are cyclic ketones nitridized by the action of hydrazoic 
acid, cyclohexanone for example, to form a cyclic carboxazylic acid 
ester known as €-leucinelactam. 


CH,-CH,-Cn, 

+ HN=NEN : 

CH.-CH.-CO 


(^il.rClI.rtTI., 
\ 


XH 4- X... 


CH.-CH.rCO 


7. When cyclohexanone is treated with hydrazoic acid in excess 
under the conditions described by Schmidt an azide, formula (II) 
below, of the cyclic carboxazylic acid ester (I) (!') is formed which, 
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when heated with hydrocliloiic acid in a closed tube, is converted 
into pentamethylenediamine, carbon dioxide and nitrogen in a man- 
ner which may be represented as follows, 


0H2-CH,-CH2 

\ 

NH 

/ 

0H,-CH2-C0 

(I) 


CH 2 -CH 2 -N 

CH, 

'^CHa-CH^-C-OH 

(D 


+HNNN 

> 

“H 2 O 


CHo 


/ 


CHs-CH^-N 


\ 


CH,-CH2-C-N=NZNr 

( 11 ) 


— 0 

-N. ^ 

CH 2 -CH 2 -N 

(III) 


+2HaO 

> 

-COa 


CH0-CH2-NH2 


/ 


\ 

CH2-CH2-NH0 

(IV) 


The successive reactions involved may be said to consist first, in 
the conversion of a cyclic carboxazylic acid ester (I) (I') into a 
cyclic carbazylic acid ester azide (II), second, in the intramolecular 
nitridation and reduction of this compound to form a cyclic am- 
mono carbonic acid ester, (III), and nitrog’eii, in principle a Cur- 
tins rearrangement, and third, in the hydrolysis of this cyclic esier 
(III) to the diatomic ammono alcohol, (IV), and carbon dioxide. 

8. Schmidt reports that a high yield of aniline, togetlier with 
small amounts of hydrazine and hydroxylamine, is obtained when 
a benzene solution of hydrazoic acid is shaken with concentrated 
sulfuric acid at G0°. The formation of aniline may ])e rei)resented 
by the equation. 


CeHg + HN=NEN := CeH^NH. + No, 


and explained as consisting in the nitridation of benzene to an 
ammono phenol or in general terms of a hydrocarbon to an ammono 
alcohol. 

In the above discussion of hydrazoic acid as a nitridizing agent 
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we have sought to explain its action on the assumption that it is 
an ammono nitric acid. It maj be, however, that a nitrous acid hy- 
drazide or even an ammono hjponitrous acid acts as a nitridizing 
agent in a manner not distinguishable from that of an ammono 
nitric acid. 

Alkyl and Aryl Azides. Apparently but four aliphatic azides, 
methylazide, ethylazide, ethylenediazide and benzylazide are 
known. They have been prepared by methods which are in harmony 
with the view that they are esters of an ammono nitric acid, the 
first two, by the action of methyl sulfate and ethyl sulfate respec- 
tively on sodium azide, the third, by the action of ethylene chloride 
on sodium azide and the fourth, by the interaction of benzyl iodide 
and silver azide. However, excepting that under the action of alco- 
holic alkali hydrazoic acid is very slowly eliminated from ethylene- 
diazide without the liberation of nitrogen gas, these azides resist 
the action of hydrolyzing agents. It follows that they can hardly 
be regarded as esters. On the other hand, deducing the structure 
of benzylazide and of phenylazide on the basis of the preparation 
of the one by the dehydration of X-nitrosobenzylhydrazine, which 
is a nitrous acid benzylhydrazide, 

CeH.CH.N : NH. > C,H,CH.N : N, 

' Sf 

and of the other, to take one example out of many avnilable, by the 
interaction of phenylhydrazine and nitrous acid, 

: NHo + ONOH = C.H.X : X -f 2H,0, 

X 

one would conclude that benzylazide is a benzylhydrazide of nitrous 
acid and that phenylazide is a nitrous acid ]dieiiylbydrazide. More- 
over the very considerable number of reactions into which plienyl- 
azide has been observed to enter ai-e more readily (^x})laiinMl on the 
assumption that it is a pheiiylliydrazide of nitrous acid rather than 
a phenyl ammononitrate. 

Two im])ortant ])apers, in whicli the constitution of hydrazoic 
arid is discussed, have appeared sinc(^ this chapter was \\'ritt(m."^ 

Sidofwiek, Sutton and Thomas, J. ('Imu. Soo.. 1933. dod; Hanlzsch. Bi r., 66, 
1340 ( 1033 ). 
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AQUO-AMMONO NITRIC ACID. 

Nitramide. To this compound the formula, IT 2 N-NO.,, was 
ascribed by its discoverers.^ Hantzsch,^ who for a time maintained 
that Thiele and Lachman's compound is a stereoisomer of hyponi- 
trous acid, came later to the conclusion that it is to be represented 
by the formula, HN^NO-OH. Hunter and Partington,^ as a result 
of parachor and dipole moment measurement, apparently came to no 
definite conclusion concerning the constitution of the compound. 
Here we express the opinion that nitramide is a tautomeric aquo- 

ammono nitric acid to which any one of the formulas, HgN*- *N{ , 

HN~ :N: or N5 , may be given. 

Thiele and Lachman prepared nitramide from urethane by a suc- 
cession of reactions which may be summarized by means of the 
scheme, 


H,¥-co-oc..H, 0,N-Nri-(1( )-()(;., H. 

“ ' ■' -lli.o -('.,11,011 

(I) (II) 

I j[Cl 

O,N-NK-C0-0K 0,N-Nn-(^0 {)II -> 0,N-NJr, + (!(),.■• 


Urethane (I), an 0-ethyl ester of an aqno-aiinnono cai-honic acid, 
under the action of nitric acid is converted into nitronrctliano (II). 
Il'hen this ethyl ester of a mixed aquo-aminono earl)onic a<|no- 
ammono nitric acid is treated with potassinni livdro.xido it is con- 
verted into the dipotassium salt (III). Tlie frce'acid ( I Vj, loiaiicl 
by the action of hydrochloric acid on this salt, (leconqx.scs spon- 
taneously to form nitramide and carbon dioxide. 

The properties of niti-amide are in entire harmony with (Ik; view 
that it is an aquo-ainmono nitric acid. Its water solution I'cddens 

f Lachman, Ann. Ch&m., 288 207 (1893). 

^ Hantzseh, Ann. Chem., 292, 352 (1896) ; Ber., 63 1272 fl930) 

Hunter and Partington, J. Chcm. Boc., I 933 30<) 

mtrouretl.ane are not nocos- 
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litmus. In solution in water ® as well as in liquid ammonia ^ it is a 
fair conductor of electricity. Excepting that a very unstable am- 
monium salt and a mercuric salt are known attempts to prepare 
metallic salts have been frustrated by the ease with which these 
salts undergo decomposition. However the existence of the dipo- 
tassium salt of nitrocarbamic acid, formula (III) above, of metallic 
salts of methylnitramide ( [>. 150 j, of nitroguanidine (p. 185), of 
nitrourea (p. 184 j, and of arylsulfonyhiitramides (p. 18Gj shows 
that many derivatives of nitramide are acids of marked strength. 
Finally the decomposition of nitramide to form nitrous oxide and 
water, = Nz =() -|- H^O, is reasonably interpreted as 

consisting in the dehydration of an aquo-ammono nitric acid to form 
nitric anhydride anammonide. X'itramide has not been hydrolyzed 
to atpionitric acid and ammonia. 

Esters. Examples of compounds which are to be regarded as 
esters of aquo-ammono nitric acid are methylnitramide, dimethyl- 
nitrarnide and diniethylisonitramide represented bv the respective 
formulas, CH3XH-XO., {CH3).X-XO.> and CH^X^XO-OCHa. 

Meiliyhiitrcunide, CH.XHXO,, — CIl3X::X(>OH. Looked upon as 
an X-metliyl aquo-ammono nitrate it might be expected that methyl- 
nitramide would be formed by the action of nitric acid on methyl- 
amine in accordance with the equation, 

(JH.XH, + HOXO, = CH.XHXO. + H,0. 

While niethyluitraniide has not been so prepared it does happen 
that a reaction identical in principle takes place as represented by 
llie e(ination, 

cii,()-(j(j-xri( 4r., + iioxo, = cH.iHXbXixo.idi. -f ilo, 

when 0-X-dimethyl carbamate is treated with concentrated nitric 
acid. A dimethyl ester of a carbonic nitric acid is formed, which, 
on treatment in ether solution with ammonia, undergoes iimmonol- 
ysis to methylnitramide and (hmetliyl carbamate, 

ch.,(h;o-X(X(),)(’1i, -f xii, =zz (^i.xiixo. + ciijaco-xil. 

These amiuonolylic products are resj)ectively an X’-mefbvl aquo- 
ammono-iiitrate and an (I methyl aipio-aminono-carbonate.'^ 

^lethylnitramide has also been prepared from methylurea in a 
manner summarized by the scheme,'*^ 

Bauer, Ann. CJicm., 296, 95 (1S07). 

Franklin and Krans, J. Am. Chcm. Soc., 27, 208 (1905 ,i. 

s r'rancliimont and Klobbie, Rcc. trav. chini., 7, 354 {IS 881 . 

Degner and v. Pecdimann, Bcr., 30, 652 (1S07); Backer, Rcc. trav. chini., 34 
187 (1915). 
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H,N-C0-NHCH3 E3N-CO-N (NO3) CH3 

CH3NHNO2 + OC (NHj) 2, 

excepting that urea was not identified as one of the products of tlie 
reaction. 

Methylnitramide when gently wanned with eoncentnited siilfuric 
acid gives an abundant yield of nitrous oxide togetlier with a small 
amount of nitric acid.^° When warmed with sixty per cent sulfuric 
acid practically quantitative yields of methyl alcohol and nitrous 
oxide are obtained."^^ It is reasonable to suppose that the nitric 
acid is formed by the hydrolysis of the ester in accordance with the 
equation, CH 3 NH-NO 2 + H^O = GH 3 NH 0 + IIONO,. 

Whether the formation of nitrous oxide and metliyl alcohol re- 
sults from the hydrolysis of methylnitramide, 

CH 3 NH-NO 3 + H 3 O = Cll,OH + ILN-NO,, 

followed by the decomposition of the nitramide ihns formcnl into 
nitrous oxide and water or whether Ihe ester de(‘oni})os(‘s directly, 
say in accordance with the equation, 

CH3¥=N0-0H = enroll + NEN=0, 
is an open question. 

Represented by either of the formulas, ( JI 1..NI 1 NO, or (dr,N= 
NO-OH, methylnitramide is an acid esier. A(‘cordingly i(s water 
solution shows an acid reaction and is a fail* conductor of (^(‘ctric- 
ity/^ while in liquid ammonia solution it is an (^xcidhuit comliiclor.^'^ 

The following metallic salts of imithyinil ramidi^ hav(^ Ixhui jire- 
pared all of which are stable in the pr(\s(m(*(^ of waiiu*. 01I,NKN0., 
or CH 3 N=N 00 K, CH^OoN^Na, ((llT.jO.N,) ,( hi, (dl,(),N,Ag, ((dlhC 
No)2Ba.H30, (CIT^O.NJ/^, ((dr,0,N,) A hi, (( d I,< ),N,) ,1 Ig, {i)\C 
O 3 N 2 ) .Co and (CH^O.N.) oNi.hi 1.6. 

N-N-Dimethylnitraniidc, ((Tl 3 ).N-N(),. h'our nudhods for ihe 
preparation of this neutral ester of aipio-ammono uilrii* acid are 
the following. It is formed (1) by luxating nudhyluilramidc^ with 
methyl iodide and alcoholic potassium hydroxid(‘, (li) by th(‘ aeiion 
of diazomethane on nitramide, (3) by dissolving diimd liylainmonium 
nitrate in acetic anhydride and (4) by (he aclion of concentrated 

10 Thiele and Lacliman, Aim. Ghcm., 288, 2fh) (]8i)5). 

11 Francliimont and Umbgrove, Rco. trav. chini., 17, ‘^S8 (ISi)S). 

i2Hantzsch, Ber., 32, 3066 (1899), 1075 (1904). 

13 Franklin and Kraus, J. Am. Ohem. 80c., 27, 196 (1905). 


157 


AQVO-AMMONO NITRIC ACID 

nitric acid on N-17-dimetliylacetamide as represented by tbe re- 
spective equations/^ 


O 


(1) GH3N=N 




CH, 


0 


-fCHsI 


\ 


OK 


\ 

K-N— I - 

/ \ 

CH 3 OK 


CH, 


\ 


— KI 


N-NO, 


CH. 


/ 


(2) 2CH.NEH + (CH3)2N-N02 + 

(3) (CH3).NH,H]S[03+ (CH3C0)20= (CH3)oIs^-N02 

+ 2 CH 3 COOH 

(4) CH 3 C 0 N(CH 3)2 + HHO 3 ~ (CH 3 )oIsr-NO. + CH 3 COOH 


The first equation represents the formation of an ester by the 
familiar action of an alkjl halide on a metallic salt, the second is 
an example of the well-known methylating action of diazomethane, 
the third represents the formation of a nitric acid ester by the ac- 
tion of nitric acid on an ammono methyl alcohol. The fourth equa- 
tion represents the formation of an aquo-amiiiono nitric acid ester 
by the action of aqiio nitric acid on an IN'-N-dialkyl ester of an aquo- 
amniono acetic acid. 

The successful reduction of N-N-dimethylnitramide to unsym- 
metrical dimethylhydrazine supports the view that it is an ester 
of an aquo-ammono nitric acid in that a deriyative of this acid un- 
dergoes reduction to a deriyatiye of hydrazine. 

Van Erp has shown that methylamine, formaldehyde and potas- 
sium nitrite are formed when a mixture of dimethylnitramide (1 
gram), potassium hydroxide (4 grams) and water (5 drops) is 
lieated at 180^ to 200"’. As represented by the eiiuation. 


(CH„) .,NNO., Cn.K (NO ) CII .OH CII.NII-CII .On -» 

(I) (11) (III) ■ 

CfLNlI, + CILrO. 

van Erp's results may be explained on the reasonable assuuq)ti()n 
that by a process of intramolecular oxidation and reduction di- 
methyl aquo-ammono-nitrate ( 1 ) rearranges to a methyl nitrous 
acid formaldehyde acetal (II), which under the action of potassium 

Friincliimont, Rvc. trcr. cJiun., 2, 343 ( 1883 ); Fraiieliinioiit and Klodhio, 
I\*cv. trap. cJiini., 7, 335 (1SS8); lianiber^jfor, 28, 402 (189.")) ; Kirpal, Bcr., 

28, r)37 ( 1895) ; llonktn Jicr., 31, 1395 (18‘)S). 

lii Franchimont, licc. lrai\ c/o'/a., 3, 427 (1884): Backer, lire, trnr. eJiioi,, 31, 
150 (1912). 

1" Van Frp, Bcr., 29, 474 (1890), 
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hydroxide is hrdrolyzed to methylamine, formaldehyde and potas- 
sium nitrite. The transformation of (I) into (II) involves a Beck- 
mann-like rearrangement, in principle the augmentation of an alco- 
hol to an aldehyde and the simultaneous reduction of nitric acid 
to nitrous acid. 

O-^-Dimetliyhiitramid^ OH 3 N=NO-OCH 3 . This ON-di methyl 
ester of an ac][UO-aiiiniono nitric acid has been ol)tained, aloii^ with 
the N-N-ester, by the action of methyl iodide on the silver salt of 
methylnitramide/® the reactions involved probably taking place as 
follow^s, 


CH3 O 

\ / 

/ \ 

Ag 0 


H-CHsI 
> 


CH 3 0 

\ / 

Ag OCH 3 


/ 


O 


(TL^N-N. 


\ 


ocin. 


The intermediate compound has not been isolated. 

IsoamylnitramUe, CsH^NH-NOo, is formed by the interaction of 
isoamylchloramine and silver nitrite as represented by the e(iiia- 
tion, O 5 H 11 NH- *C1 + AgNOo = CsH^NPI-NO, + AgCI. This reac- 
tion involves the augmentation of the nitrite grou[) and tlie reduc- 
tion of the positive chlorine atom. That is to say tlie liypoc'hlorous 
acid chlorine contained in amyl ammono hypochlorite auginenls the 
nitrous acid nitrogen to nitric acid nitrogen, the hypochloroiis acid 
chlorine simultaneously undergoing reduction lo the chlorine ion. 
A silver salt of this acid ester, Cr,HiiN(Ag)NO^, is knowm. 

Phenylnitramide, CeHsNH-NOo. Among the melliods by w'hich 
this J^-phenyl ester of an aquo-ammono nitric acid has \mm ob- 
tained are the following,-® (1) by the action of oxidizing agemis on 
diazobenzene wdiereby an N-phenyl aquo-ammono nitrile is oxidized 
to an N-phenyl aquo-ammono nitrate, (2) by adding nil rogen jKmtox- 
ide to a cold ether solution of aniline and (:>) by lln^ (hdiydral ing 
action of acetic anhydride on aniline nitraUc The rea(*li()ns in- 
volved are represented by the respective eipiations, 


(1) C^H^N^N-OH + O = CJI^NiNO Oil 

(2) 2 C^B.,'NR, + NA - 2GCH5NHNO3 -f 140 

(3) CeH5NH3.HN03 + (CH3C0).0 = CJT.NIINO, -f 2Cn3COOU. 

18 Franchimont and Umbgrove, Rec. trav. chim., 15, 211 (181)0). 

19 Berg, Ann. Chim., [7] 3, 357 (1894). 

20 Bamberger and Storcli, Ber., 26, 277 (1893); Bamberger and Landsteiner, 
Ber., 26, 485 (1893); Bamberger, Ber., 27, 303, 584, 1274 (1804); 28, 401 
(1895) ; 30, 1248 (1897) ; Hoff, Ann. Chem., 311, 102 (1895). 
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Equations (2) and (3) represent, in principle, the action of aqiio 
nitric acid on aniline to form a phenyl aqiio-ammono nitrate. 

Plienylnitramide is very susceptible to the action of aqueous acids. 
However instead of undergoing hydrolytic decomposition to aniline 
and nitric acid it is converted largely into o-nitraniline and in lesser 
degree into p-nitraniline, CgH^NHNOo W hen 
heated with potassium hydroxide at 280° to 290° plienylnitramide 
is hydrolyzed to potassium nitrate and aniline while at the same 
time potassium nitrite and other products are formed. Under the 
action of sodium amalgam or zinc dust phenylnitramide is i-educed 
successively to diazobenzene, phenylhydrazine and finally to aniline 
and ammonia. The reactions involved are strictly similar to those 
concerned in the familiar redudion of nitric acid to nitrous acid 
and finally to ammonia. 



CHAPTER XVI. 


AMMONO AND AQUO-AMMONO PHOSPnORIG AND 
PHOSPHOROUS ACIDS. 

Ammono Phosphoric Acids. Running more or less closely paral- 
lel to the known series of aquo phosphoric acids one might expect 
to find an analogous series of ammono phosphoric acids as repre- 
sented herewith, 

P (NHJ 5 -> HNP (NH„) 3 NP (NH^) , NPNH P3N3. 

As a matter of fact three deammonation products of an hypothetical 
phosphoric pentamide are known, namely, phosphoric nitride 
diamide, NP(NH2)2, phosphain, NPNH, and phosphoric nitride 
P N 

3A>5. 

Phosphoric Nitride-diamide , !N’P(NH2)2- According to Pessoi 
and Rosset^ this ammono phosphoric acid is formed by (he actioi 
of liquid ammonia on phosphoric nitride-chloride. ^ Just as watcu 
converts phosphorus pentachloride successively into i)h()sph()ruj 
oxide-chloride and orthophosphoric acid, so as lirst observed hj 
Liebig and Wohler,^ ammonia acts on phosphorus peiilachloride t( 
form phosphoric nitride-chloride, which, according to Lesson am 
Rosset, is converted to phosphoric nitride-diamide by the fnrthe: 
action of ammonia. The ammonolytic reactions involved are repre 
sented by the equations, 


PCI, + NH3 NPCI2 + mcl 
NPCL + 2NH3 = NP(ML)3 + 211 ( 1 . 


No metallic salts of this aininouo plifisplioric* add have Ikhui pro 
pared. Several esters, however, are known, among tluun a, diplumy 
ester ^ which has been obtained by the adion of aniliiu^ on jilioi- 
pliorus nitride-chloride as represented by ilie e(piation, 


NPCI 2 + SC^NIL NP(NIICjr3) 2 + 21 1(1. 

1 Besson and Kosset, Compt. rend., 146, 1149 (1908). 

2 No analyses are given. ’ 

3 Liebig and Wohler, Ann. Ghem., 11 14C (1834) 

(1884). Of. Couldi-igc, ,/. Chem. Soc., 53, 40 

( looo ) . 
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Bt the action of aqueous hydrochloric acid at 250'’ this ester is 
hydrolyzed to aqiio phosphoric acid, aniline and ammonia. 

Pliospliam, NEP=NH. This compound, first obtained by Davy ^ 
by heating phosphorus pentachloride in an atmosphere of ammonia 
and belieyed by the discoverer, by Kose, and by Liebig and Wohler ® 
to be a nitride of phosphorus, was shown by Gerhardt ” to have the 
composition represented by the above formula. 

Phospham, Avhich is the name given this ammono phosphoric acid 
by Gerhardt, is also obtained by heating phosphoric nitride-diamide, 
NP(]S[HJ 2 NPNH + NH., by heating a mixture of trimolecular 
nitride-chloride, and ammonium chloride,® 

NVCU + mi, — NPNH + HCl, 

and by heating phosphorus pentasulfide with ammonium chloride,® 
ILH, + 4NIL 2NPNH + 5IL,J4. 

According to Rose phospham is obtained when the product of the 
action of ammonia on phosphorus trichloride is strongly heated. 
This formation of an ammono phosphoric acid from an ammono 
phosphorous acid by the action of heat reminds one of the analo- 
gous conversion of aquo phosphorous acid into aquo phosphoric 
acid under similar treatment. While apparently Rose did not note 
the formation of phosphine as a product of his reaction we may 
nevertheless venture to write the eciuatioiis, 


4P(oii), = ;jilpo, + ph3 
tPiNlI,):, = MliXPX + PlI. + Gxn„ 


to represent the parallel reactions. 

IMiospham is known in the form of a white, infusible powder, in- 
solubl(‘ in wat(‘r or dilute acids and only slowly attacked by a(pie“ 
ous potassium hydroxide. It is undoubtedly a highly ])olymerized 
substance. ^Vhen luxated with wat(u* in a sealed tube it is hydro- 
lyzed in accordance with the e<iuation. 


iiNPX + :iH,o = u,yo, + 2XrL, 


rCDuvy, Gilh. Ann., 39, 0 (ISll). 

iuid W tUder, Ann. Chcni., 11, 139 (1S39). 

7(jLM-liardt, Ann. chim. phi/n., [3] 188 (1S4G); 20, 255 (1847). 
Compt. rend., 114, 120() (1S92). 

^ Couldrig(‘, d. ('Jietn. Soe.. 53, 398 (ISSS). 

y Vidal, Chem. Zcntralh., 1897, II, 517. 

ly Kose, Pogg. Ann., 24, 308 (1832) ; 28, 529 (1833). 


Cf. Besson, 
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to orthopbosplioric acid and ammonia. It dissolves readily in fused 
sodium amide with the evolution of ammonia. The melt, which un- 
doubtedly contains a sodium ammonophosphate formed surmisedly 
in accordance with the equation, 

HNPN + NaNHo = NaNPN + NH 3 , 

on treatment with water gives a solution contaiiiiug sodium aquo- 

^^Ob^ervations by Vidal on the formation of potassium aquophos- 
phate and potassium cyanate by the action of fused potassium car- 
bonate on phospham are readily explained when this compound is 
recognized as an ammono phosphoric acid. The reactions involved 
may be represented by the equations, 

2HNPlSr -j- K 2 CO 3 = 2KNPN -(- CO, -|- 11,0 
KNPN -H 2K,C0, = K 3 PO, + 2KNC0, 

in accordance with which the ammono phosphoric acid acts on po- 
tassium aquocarbonate setting free carbonic anhydride and forming 
an ammonophosphate of potassium. This salt reacts with potas- 
sium aquocarbonate to form potassium aquophosphate and an aipio- 
ammono-carbonate of potassium, which is to say that in pi-inciple 
the ammonophosphate is hydrolyzed to the aquophosiihate the aquo- 
carbonate at the same time undergoing ammonolysis to the aquo- 
ammono-carbonate. 

By the action of methyl alcohol on hot phospham Vidal obtained 
methylamine and dimethylamine presumably in accordance wilh the 
equation, 

3 CH 3 OH + NPNH = CH 3 NH, 4 - (Cir 3 ),NII + IlOPO,, 

which in principle, represents the hydrolysis of an ammono ])hos- 
phoric acid to an aquo phosphoric acid and the ammonolysis of 
aquo methyl alcohol to the two ammono metliyi alcohols. 

Phospham and formic acid when hesited logolher yiehl aipio ])hos- 
phoric acid and hydrocyanic acid in a manner which may be repre- 
sented by the equation, NPNH -f- 211(10011 = llsPO, -f- 
Clearly the ammono phosphoric acid undergoes hydrolysis to aipm 
phosphoric acid while aquo formic acid is at the same time ammono- 
lyzed to formic anamnionide. So also are oilier carboxylic acids 
converted into their respective nitriles when heated with phosiihani. 

11 Unpublished observations. 

12 Vidal, Chem. Zentr., 1897, U, 517; 1899, J, 060; 1900, I, 743. 
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Aquo-ammono Phosphoric Acids. Twenty-five or more com- 
pounds, the existence of some of which as chemical individuals is 
doubtful, are described and classified by Gutbier as amido, imido 
and nitrilo derivatives of ortho, pyro, tri, tetra and hepta phos’ 
phoric acids and of the polymeric forms of metaphosphoric acid. 
Some of these acids are known in the free state, others in the form 
of salts only while certain of them exist in the form of esters. 

It will be worth while to discuss here only a few of the simpler 
of these compounds with the object in view of showing that the}' 
are to be looked upon as mixed aquo-ammono phosphoric acids. 

Amido Ortho Phosphoric Acid, H2N-PO(OH)2, is known in the 
free state as well as in the form of salts, esters and ester-salts. Ex- 
amples of some of these compounds are represented by the following 
formulas, 

(1) H2N-PO(OaHj2 

(2) (aHj2N-PO(OH)2, 

(3) C,R,NR~PO{OCM,)„ 

(4) {C,R,).R-PO{OC.R,).. 

(5) H2N-PO(OAg)OaH„ 

all of which on hydrolysis yield aquo phosphoric acid. In addition 
to aquo phosphoric acid the first compound yields ammonia and 
ethyl alcohol, the second, diethylamine, the third, aniline and ethyl 
alcohol, the fourth, diphenylamine and ethyl alcohol. The ester- 
salt ( 5 ) yields aquo phosplioric acid, ammonia, ethyl alcohol and 
silver oxide. 

Diamido Ortho Phosphoric Acid, iHoNioPO-OH. This acid is 
known in the free state and in the form of salts, esters and ester- 
salts. Three esters and an ester-salt of this acid are represented 
by the formulas, (1) (2| ( CVILNH > 

(3) [((AH.t.NjJhHhtTlJ (4) ((Vn,NH) JT)-OAg. 

In view of the fact that mother of the acids represented by the 
formulas, P(OII)- and PfNlL),-^ is known it is interesting to note 
in this connection that Stokes, starting with diamido ortho phos- 
phoric a(ad, preparcal a number of salts, among them the silver com- 
{)Ounds re])resented by tlie formulas, i H.N ) oP( OAg i (AgXH u- 
IM <)Ag).> and 1L.N-P( NITAg) .J < b\g> which lie called salts of the 
diamide and the triamid(‘ of pentabasic phosphoric acid. Other de- 
rivatives of (he hv})oth(dicaI phos])horus pentahydroxide represented 
by the formulas' (0,11:,NH ),Pi HO-P( NHCJI^SO^OH ) , 

and <M~P(Xin\;n- lid" have been prepared. 

]•'! Cmeliii-Kraut, “ITandb. aiiorg. Cliem,” 7th Ed., I, 3, 215 (1911). 

Stoke.s, A'tn, C'licin. J 16, td() (1SU4). 

M icliac‘1 is and Silborst tdii, Jhr., 29, 721 (1S9G), 

nKJilpiii, Am. (Oicm. J., 19, 357, 301 (1807). 
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Lemonlt obtained several compounds which he looked upon as 
derivatives of pentabasic phosphoric acid. It may well be that phos- 
phorus exists in these compounds with a covalence of five.^® 

Trianiido Ortho Phosphoric Acid, OP(NH2)3. 4 he existence of 
this acid is not certain. Nor are metallic salts of the acid known. 
Esters represented by the formulas, OP[N(C2Hj5 ) OP(NHCq- 
and OP[N(CoHJ (C.B,)],, are however recorded in the lit- 
erature. 

Ortho Phosphoric Acid Aniide-imide, Phosphamidc, OP (Nil) - 
NHo. This mixed aquo-ammono phosphoric acid has been obtained 
as an insoluble powder by the action of acpia ammonia on phos- 
phorus pentachloride. It is converted by the act ion of fused potas- 
sium hydroxide into potassium orthophosphate and ammonia. 
Hot waW hydrolyzes it slowly to ortho phosphoric acid and am- 
monia. When heated it loses ammonia and is converted into phos- 
phoric anhydride-anammonide, OPN. 

Esters of this mixed acid are known. For example a compound 
named oxyphospbazobenzene anilide, C6H5N=PO-NIIC3lTr,, has been 
prepared by the action of aniline on phosphorus oxychloride,-^ 

OPCI3 + 2C6H,NH2 = CeH,N=PO-NHCeIL, -f 3IIC1. 

Giitbier gives data concerning the methods of preparation and 
some of the properties of some sixteen amido, imido and nitrilo 
derivatives of di-, tri-, tetra- and hepta phosphoric acids some of 
which are known in the free state, the majority in the form of salts 
only. Apparently none is known as an ester. 

Aquo-ammono Metaphosphoric Acids, ILNFOo. Ey the action 
of water on the respective nitride-chlorides, (NFClj,).., (NFCJL,).!, 
(NPCTojs, and (NPCE),;, Stokes-^ has obtained acpio-a.mmono ])hos- 
phoric acids represented by the formulas, (ir.NPOo)^, (lENPO.).!, 
(HoNPOa)^, and (HoNPOolo* Stokes also |)r(q)ared melallic salts 
of certain of these acids. Michaelis pre])are(l the N-N dielhyl 
ester of trimolecular amido metaphosphorii.* a(*id, [ (F.J 1-) .NPO.].,. 

Ammono Phosphorous Acids, PhonphoroiiH AmUlc, P(NIL>);!, 
Phosphorous Imlde-amide, HN=P-NIIo, PhosphorouH / in Idc, 1 IN^: 
P-NH-P-NH. Just as water acts on the phosphorous liabKh^s to 

17 Lemonlt, Compt. raid., 139, 409 (1904); 141, 1241 (1905). 

18 Lewis, “Valence and the Structure of Atoms and Molc'cules,” p. 101, A. C. S. 
Monograph, New York, Chemical Catalog Co., Inc., 1923. 

isMichaelis, Ann. Chem., 326, 200, 257 (I9():i). 

-0 Michaelis and Soden, Ann. Ghcm., 229, 935 (1885). 

-iMichaelis and Silberstein, Bar., 29, 717 (1890). 

22 Gmelin-Kraut, 7th Ed., I, 3, 220 (1911). 

23 Stokes, Am. Chcni. J., 18, 629, 780 (1800) ; 20, 740 (1898K 

24 Michaelis, A^in. Chem., 326, 190 (1903). 
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form pliosplioroiis acid so, as reported by Hugot,““ phosphorous 
amide is formed in accordance with the equation, 

PBr 3 + 3 NH 3 =z P (NR^) 3 + 3HBr, 

by the action, at — 70°, of liquid ammonia on phosphorus tri- 
bromide while according to Joannis,-® phosphorous imide-amide 
is obtained when phosphorus trichloride vapor, diluted with hy- 
drogen, is passed into liquid ammonia at — 78°. Both observ- 
ers agree that their respective products lose ammonia and pass 
over into phosphorous iniide, Po(NH) 3 , when warmed to 0 °. 
Whether by further loss of ammonia phosphorous imide may be 
converted into phosphorous anammonide, PN, is unknown. These 
ammono phosphorous acids are the phosphorus analogs of the 
hypothetical ammono nitrons acids, NlzCNR^)^^ and 

"N* -NH- =NH, which are discussed later (e/. Chapter 
XXXI). Xo metallic salts of these ammono phosphorous acids 
have been prepared. 

Ammono Phosphorous Acid Esters. Attempts to prepare me- 
tallic salts of an ammono phosphorous acid have not been made. 
Two examples of ammono phosphorous acid esters, known respec- 
tively as phosporous acid tris-diethyl amide and phosphazobenzene- 
anilide, are represented by the formulas, [(C.H^loXJgP and 
Cyn 3 X=P--XH(.\jIl^^. The one has been obtained by the action of 
phosphorus trichloride on diethylamine, 

3(CUr3),NH + PCLz^ P[XfC3H3),]3 + 3HC1,^'^ 

the otlier, by tlu‘ action of aniline on a i)hosphorous acid ester- 
chloride known as phosphazohenzene chloride, 

(\,ii,x-P(,d + c,ir,xip ( \,ii,x=pxnc JT3 + nci.-^ 

The first compound is clearly an ester of ortho ammono phosphor- 
ous acid, the second of an ammono phos[)horons acid of the formula, 
Both est<n‘s ar(‘ hydrolyzed by tlie action of aqueous 
hydrochloric acid, the on(‘ to a<{no phosphorous acid and diethylam- 
ine, the otlnu* to a(pio phosphorous acid and aniline. The second 
ester may he lookcal upon as diazoamiiioheiizeiie in \\'hich nitrons 
acid nitrogen is replaced by phosj)horous acid phosphorus. 

2^^' Hugot, Coinpt. rend., 141, maf) (11)05). 

Joaiiriis, Compt. rend., 139, 365 (11)04); cf. Perperot, Bull. soc. chim., [4] 
37, 1545 (1925). 

-’T Michaelis, Ann, Chcni., 326, 169 (1903). 

-s Michael is and Scliroeter, Her., 27, •194 (1S94). 
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Aquo-ammono Phosphorous Acids. Throe aqiio-cUiinioiio phos- 
phorous acids are represented by the formulas, ITO--P(NIT2)^, 
(H 0 ) 2 P-NH 2 and 0 =P-NH 2 . The first has been prepared by the 
action of ammonia on phosphorous anhydride in ether solution.^^ 
The other two are known in the form of esters only. 

Two esters of the first acid formulated above are represented by 
the formulas, and HO-P(NHC,H,) one 

of the second by the formula, (C6H50)2P“N(C4Hc)) and two of 
the third by the formulas OgHgO-P^NCeH^ and CgHgCHoO-P^ 

Aquo-ammono Vanadic, Arsenic and Antimonic Acids. By the 
action of liquid ammonia on vanadic anhydride, on arsenic acid an- 
hydride and on antimony pentachloride Jacobsohn obtained prod- 
ucts which are to be looked upon as ammonium salts of an aquo- 
ammono vanadic acid, an aquo-ammono arsenic acid and an aquo- 
ammono antimonic acid. 

29 Thorpe and Tutton, J. Chem. 8oc., 59, 1027 (1890). 

so Miehaelis, Ann, Chem., 326, 161 (1903). 

31 Jackson and Menke, Am. Chem. J., 6, 93 (1884-85). 

32 Miehaelis and Schroeter, Ber., 27, 495 (1894). 

33 Felix Jacobsohn, Inaiig. Diss., Berlin, 1906. 



CHAPTER XVII, 

AQUO-AMMONO SULFURIC ACIDS. 


Attempts made in this laboratory to prepare some one or other 
of the hypothetical ammonia analogs of aqiio-ammono sulfuric acid 
represented by the formulas, HN=S(NH2),, NESfNHJg, 

S(NH)3, or of a sulfuric anammonide, SNo, have not been success- 
ful. Nor are there any compounds on record which may be inter- 
preted as derivatives of an ammono sulfuric acid. 

It happens, however, that compounds in considerable number are 
known which are to be looked upon as aquo-ammono sulfuric acids. 

Amido Sulfuric Acid," H.N-SOo-OH, is a strong monobasic acid - 
which is formed in small quantity by the a(‘tion of ammonia on 
sulfuric anhydride, SO3 + NH3 ™ HoNSOoOH, and in excellent yield 
by heating lliio sulfuric acid in the form of its ammonium salt with 
strong aqua ammonia, FvSO.OH + NH3 1= H.NSOoOH -f HF.^ 
Amido sulfuric acid is also formed, together witli more or less 
sulfuric acid, by the action of hydroxylamine hydrochloride on sul- 
fur dioxide or on acid sodium sulfite.^ It is reasonable to suppose 
that the action of hydroxylamine on sulfurous acid takes place step- 
wise as represented by the scheme, 




(T) 


\NH:OH 

( 11 ) 


/ OH ^^^H^NSO^OH 
(ho)2S = 

\OH 

(III) 

1 Tlie compounds n‘proseiit('d liy tlie formulas, H.jNSO..OH, IIXfSO.OHU 
N(S 0 ., 0 H) 3 , are fi^oncrally known as amido sulfonic acid, iniido sulfonic acid and 
nitrilo sulfonic acid rcspcctividy. Tlic use of these iianu's is unfortunate for the 
reason that neither of tlie first two of these compounds is a sulfonic acid, nor is 
the last one a nitrilo, in the accepted connotation of these terms. Compounds 
represented by the formulas, USO.^OH and RCN, in which R is an alkyl or aryl 
radical, are sulfonic acids and nitriles respectively. The above-formulated com- 
pounds are sulfuric acids. 

2 The amido hydrogen atoms are weakly acid. 

3 Traube and Brehmer, Ber., 52, 1272 (1919). 

4 Raschig, “Schwefel- iind Stickstoffstudien,” Leipzig-Berlin, 1924. 

167 



168 TEE NITROGEN SYSTEM OF COMPOUNDS 

in accordance with which an hypothetical sulfurous acid oxime 
(II) is first formed. This unknown hydroxamic acid undergoing in- 
tramolecular rearrangement, identical in principle with the Beck- 
mann transformation, passes oyer into an a(iuo-animono sulfuric 
acid (III) which in turn either loses water to form amido sulfuric 
acid or reari^anges to amnioniuin suliate. Of touise iheie is no spe- 
cific experimental eridence in sui*port of tliese si)eculati(ms beyond 
experience to the effect that many oximes undergo the Beckmann 
1 ‘earrangement and the well-known fact that many acids leact with 
hydroxylamine to form hydroxamic acids. 

"sodium amidosulfate is obtained in good yield by the interaction 
of chloramine and disodium sulfite.^ It is probable that the re- 
actions involved take i)lace in a manner more or less adcaiuately 
represented by the scheme, 


/on 

(NaO)gSO (NaO)aS\^ 


(I) (II) 


^OH 

(NaO) ,S = NH > ir,N-SO,-ONa 

(im ov) 

It is assumed tliat disodiiim a(in()suiril(' (1) iniii(\s wilh (‘lilorniniiie 
to form a salt of an a(iuo-ainmoiio sulfurous uiuiuoiu) li.vpoolilorous 
acid (II) which undergoing a Ilofiuunn lik(‘ i*(‘arrjing(uu(‘nl is con- 
verted into (III) which is a sodium sail and al lh(‘ suim^ lime a 
chloride of an aqno-animono sulfuric acid. Such a compound should 
lose sodium chloride to form sodium aiuidosul fal(‘ ( I\' ). 

Metallic Salts, Many melallic salts of this half amid(‘ of sulfuric 
acid are known, among others for exaiupUs a mouoi)olassium salt, 
H.,iSr-KSO.>OK, a dipotassium salt, KI IN S< ).I )I\, a imu'curic salt, 
(HgN-sbuO) Jlg.IILO, a potassium silver sail, Agl I N S( )K, a 
sodium mercury salt, llgN^SOAlNa, a ])olassium gold sail, Ain(N- 
SOoOK) 3 , and a potassium a(pioI)asic nuu-curic sail, IlOlIg N(lig)“ 
SO“OK.« 

Esters and Esfer-Salts. Exami)l(‘s of esl(M*s aud (‘sUu'-salls of 
amido sulfuric acid are represeuled l)y lh(‘ following foi'iuulas, 
C0H5NHSO3OH, (ch3),nsoa) 1[, ((Mi.,),NS(U)(t,n„ (ur.NiisOo- 

5 Raschig, “Scliwefcl- uiid StickstofTstudien/’ 1924. 

6 Divers and Haga, J. Chem. Hoc., 69, 164!) (ISiai) ; Ucrglund, /iidL soc. ohiin., 
[2] 27, 452 (187G); [2] 29, 422 (1S78). 
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OK, (CeH,)(CH3)NSO,OK, (CoH-]SrHSO.O)2Ca.2H.O. and 
NHS020)2PbJ 

Imido Sulfuric Acid, NH(S020H)2. This aquo-ammono sulfuric 
acid is known in the free state in Avater solution and in the form 
of metallic salts. Examples selected from a known list of twenty 
or more of such salts are the following, KK(SOoOK)..HoO, AgN- 
( SO^OAg) 2 , Ca [N ( SO.O) oCa] o, NaN ( SOoO) oBa, Pb [N ( S0“0) .Pb] o, 
AgN(S020Na)2, AgN(Sd20Ag) (SOoONa), a basic strontium salt, 
H0SrN(S020Sr0H)2, a basic lead salt, HOPbNCSOoOPbOH) and 
a basic mercuric salt, HOngN( SOoOHgjoO.® 

Nitrido Sulfuric Acid, ^(SOoOHla, is an aqiio sulfuric acid and 
at the same time a sulfuric acid nitride. It is a sulfuric anam- 
monide in so far as the relationship between sulfur and nitrogen is 
concerned. It is known in the form of salts only. 

Sulfamide, 802(^112)2.^ This aqiio-ammono sulfuric acid is 
formed in small yield by the action of ammonia on sulfuryl chloride 
in accordance with the eiiuation, 

SO2CI2 + 2NH3 “ SO2 (NH2) o + 2 HC 1 , 

which represents the ammonolysis of a sulfuric oxide-chloride to an 
aquo-ammono sulfuric acid. Much better yields are obtained by the 
action of ammonia on sulfuryl fluoride. Sulfamide is a crystal- 
line solid. It dissolves abundantly in water and in liquid ammonia 
to form solutions which are very poor, though distinct, conductors 
of electricity.^^ Heated in aqueous acid solution it undergoes hy- 
drolysis first to amido sulfuric acid and thence to aqiio sulfuric acid. 
When lieatcMl alone it yields deammonatioii {)r<)(lucts among which 
imido disulfamide, II2K-8O2-NII-SO2-NH2, and trimoleciilar siiltiiii- 
ide, (HOoNII).., have been identified. 

Metallic Salts. That sulfamide has the properties of an acid is 
shown by the existence of a considerable number of nuUallic salts. 
Traube pre[)ared the disilv'er salt, SOotXHAg).^, by the action ot 
ammoniacal silver nitrate on an a(pieous solution ol sullamide. 
Eranklin and Statford obtained impure siiecimeiis of the imnio- 
and di})otassium salts, H.^NSO^NHK and SO.j AHK).^. by tln^ action 
of ])otassiuni amide on sulfamide in li<piid ammonia solution. So- 
dium and potassium salts of the formulas, >2^11X0 aial 

7]k‘hrc'nd, Her., 15, 1013 (1SS2) ; Bcilstoiii and Wiegand. IJcr., 16, l-t»4 (1SS3^ ; 
Traiibe and Endinier, Jhr., 52, 121)1 (IDID). 

s Divers and Ilaoa, J. Cheni. 61, t>43 (1802); 69, 1020 i 

0 Any one of the further tuutomerie furmidas, ILN(Nn iSO^. oH, (IIX OS( oil A- 
or NS(Nn,) (OH),, may he written for this compound. 

10 Traiibe and lleubke, Bcr., 56, 1656 (1925). 

iillantzsch and Stuer, Bcr., 38, 1022 (1905); Franklin, Z. physik. Chcin.. 69, 
272 (1909). 

1^ Traube, Bcr., 26, 609 (1S93). 

13 Franklin and Stafford, Am. (Jhem. J., 28, S3 (1002). 
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Ho^v'SOoNHK, are formed by tbe action of the respective alkali 
metal alcoholates on sulfamide in alcohol solution, the lithium salt, 
HoNSOoNHLi, by adding alcohol to a water solution containing 
equivalent quantities of sulfamide and lithium hydroxide, the bar- 
ium salt, (H257SO,lsrH)2Ba, contaminated with barium amidosulfate, 
bv dissolving barium hvdroxide in a water solution of sulfamide; 
the copper salt, (H,N-SONH)„Cu.4NH3, by dissolving cupric hy- 
droxide in a strong aqua ammonia solution of sulfamide and adding 
alcohol to the solution of the salt thus formed.^ 

Esters. Alkyl and aryl derivatives of sulfamide,^® such for ex- 
ample as symmetrical and unsyninietrical dimethylsullaiuide, CH.,- 
NHS0,NHCH3 and (CH3)„NS02NH2, tetraethylsulfainide, (C^H,),- 
NSO^NfCoHj),, and the dimethylphenyl derivative of the formula, 
(CHO^lSrSOoNHCeHs, are to be looked upon as esters of this aquo- 
ammono sulfuric acid. N-N-Dimethyl-N'-phenylsulfamide, which is 
formally an acid ester, has been found to react with sodium hydrox- 
ide in water solution to form a sodium salt, (CH:3)2lSrS03N(Na)- 
C0H5. 0-Esters of sulfamide are not known. 

Imido Disulfamide, HoNSOo-NH-SOo-NH., which is an aquo-am- 
mouo disulfuric acid, has been identified among the products formed 
by the interaction of sulfuryl chloride and ammonia.^*’ It is known 
in the free state and in the form of an ammonium salt, NHs.IIN (SO.- 
NHj).., a monosilver salt, AgN(S02NH3),.llB[20, and, according to 
Ephraim and Michel, a trisilver salt, AgN(S02NIIAg) ..xITA) con- 
taining water in amounts from three to not less than forl.y-six 
molecules.^^ 

From the mixture of products formed by the action of sulfuryl 
chloride on an excess of ammonia Ephraim and Miclnd ohtaiiiod an 
aquo-ammono trisulfuric acid in the form of its (risilvcr salt, 
AgHN-S0.2-NAg-S02-NH-S03-NHAg.NH3.54Il2O, and a, tctrasnifuric 
acid in the form of a hexasilver salt, Ag2N-S02-NAg SO^-NII- 
SOj-NAg-SOa-NAgj (with U, 11 and 28 H.O), and a heptasilver 
salt, Ag2N-S02-lSfAg-S02-lsrAg-S02-NAg-S02-NAg2.SI f^O. Excepting 
for their water content Ephraim and Michel were inclined to the 
belief that the above formulas represent definite compounds though 
at the same time admitting that the products analyzed may possibly 
have been mixtures. 

It is interesting to observe the parallelism between the formal 
deammonation of urea successivelv to dl-, tri-, tetra- and j)enta-car- 
bonic acids, H2N-CO-NH2 H2N-C0-NH-C0-Nn2 1 I^N-OO-Nn- 

Traube and Eeubke, Ber., 56, 1656 (1923). 

15 FrancMmont, Eec. trav. chim., 3, 418 (1884); Belireiid, Ann. Chem., 222, 
116 (1884). 

isTraube, Ber., 25, 2472 (1892); 26, 607 (1893); Hantzseli and lloll, ibid., 
34, 3430 (1901); Hantzsch and Stuer, ibid., 38, 1022 (1005). 

17 Ephraim and Michel, Ber., 42, 3833 (1909) ; Ephraim and Gurewiiscdi, ibid., 
43, 138 (1919), 



AQUO^AMMOm SULFURIC ACIDS 171 

CO-NH-CO-NHo H2N-CO-NH-CO-NH-CO-NH-CO-NH3 -> H.N- 
CO-NH-CO-NH-CO-NH-CO-NH^CO-NHa and tlie similar stepwise 
deammoiiation of sulfamide, HoN-SO.rNH-SOo-' 

NH2 -> H2N-SO2-NH-SO2-NH-SO2-NH2 HoN-SO.-NH-SO^-NH- 
S02~^H“S02-NH2, to di-j tri- and tetra-sulfuric acids. This is not to 
say, however, that such reactions have been experimentally realized 
excepting that biuret and cyanuric acid are among the products 
formed by heating urea and that imido-disulf amide and trimoleeu- 
lar sulfimide are formed when sulfamide is heated. It is further- 
more known that triuret is readily deammonated to cyanuric acid, 
HaN-CO-lSTH-CO'-NH-GO-NHs = (0CNH)3 and that trinio- 
lecular sulfimide is probably formed by loss of ammonia from the 
open chain trisulfuric acid in the same manner, 


H2N-'S02-NH-S02“NH-S02-NH2 = (S02NH)3 + NH3. 

NH-SOo 
/ '\ 

Trimolecular Sulfimide, 0,S NH. This cyclic aquo- 

' \ / “ 

NH-SO2 


ammono trisulfuric acid is present among the products formed by 
the action of ammonia on sulfuryl chloride and is also formed by 
heating sulfamide. It is a fairly strong acid of which the silver 
salts, (S02NAg)3 and (S02NAg)3.6C5ll5N(CQH3N == pyridine), the 
potassium (S02NK)3, sodium (SOoNNaja, calcium {^O.JscA)^, and 
barium {SO.ba)-..!!^^ salts have been prepared. Traube prepared 
also the lead and copper salts but did not analyze them. The free 
acid is known only in solution. 

By the action of methyl iodide on the silver salt of trisiilfimide 
Ilantzsch and IIoll obtained the N-N'-N"-trimetliyl derivative of tri- 
sulfiiiiide, (^OoNClI.)^, the one ester of this acid which lias been 
prepared. On heating the ester with concentrated hydrochloric 
acid at a temperature of 15 (k it is hydrolyzed in accordanr<‘ with 
the ecpiation, (802NCIl3)3 + ^IG^^ — -f dCILNil., to nieth- 

ylaniine and sulfuric acid. 

Aquo-Ammono-Chromates, Molybdates and Tungstates. Using 
Ihtuid ammouia as solvent in which to carry out the reactions in- 
volved Jacobsolin^® prepared an ammoninm salt, HN=CrOtONHo o, 
a potassium salt, KN-OrO (OK)o, a potassium ammonium salt, 
CrO(OK) (ONII4), an ammonium lead salt, [HN=CrO(ONHjO]orb, 
of an aqiio-ammono chromic acid, an ammonium salt, IINAIoO- 
(ONHJo and an ammonium lead salt, [HN-MoO(ONH^)0]2Pb, of 
an aquo-ammono molybdic acid, and an ammoninm salt, HNAA O- 
(ONHJ2? salt of an aquo-ammono tungstic acid. 


18 Felix Jacobsohn, Inaug. Diss., Berlin, 1906. 



CHAPTER XVIII. 


AMMONO SULFUROUS ACID, AMMONO-TIHO SULFURIC 
ACID, AQUO-AAIMONO SULFUROUS ACID AND SULFA- 
ZYLIO ACID. 


Ammono Sulfurous Acid and Ammono-Thio Sulfuric Acid. 
While no one of the theoretically possible annnono sulfurous acids 
represented by the formulas, S{NtL).„ nNS(NlL), or NSNIL ^ 
HNSNH, nor an animono-thio snlluric acid is known i 1 , is interest- 
ing to find that Ruft' and Oeisel,^ in the course of an investigation 
undertaken to determine the constitution of tetrasulfur tetranitride, 
obtained two compounds of the empirical composilion represented 
by the formulas, H3N,SIIg and Il3N3Sa>b, which they named tliio- 
diimide mercury and dithiodiimide lead respectively. 

A comparison of the formula of Rutl: and (Jeisers tliiodiimide 
mercury with the formulas given above shows that this compound 
has the composition of a mercury salt either of the ammono sul- 
furous acid, HNS(NH„)2, or of an auimonated salt of the acid, 
NSNH.. or HNSNH. The hyi)othetical acid fi’om which dilhio- 
diimide lead is derived differs in empirical composition from the 
ammono sulfurous acid of which fhiodiimid(‘ nu'ccury is a, salt in 
that it contains, relative to the nitrogen content, t.wie(> as much sul- 
fur. This relation is just that which e.vists lK*lwe(*u oxygen and 
sulfur in ordinary sulfurous acid on the oiu' hand and thio sulfuric 
acid on the other. It therefore ai)pears that dil hiodiimide lead 
may be a salt of an ammono-thio sulfuric acid of tlu! formula, 
HN=!^.,U,NH2)2, or an auimonated salt of an acid represimled hy 
either' of the formulas, NIS.-NIL or IIN SyNII. The following dis- 
cussion based on the work of Ruff and (ieisel lends couviiicing sup- 
port to the view above developed concerning the nature of these 
compounds. 

Mercuric Ammonosulfite, NiS-NI I,, and Lead Ammono- 
thio-sulfate, NES.-N=rb.Njr,.. Kiill' and (i(‘is(d round that a. yellow 
precipitate of the former compound is fonm^d wlnni nuM-cnric iodide 
is added to a li(iuid ammonia solid ion of siilfni* nih'id(‘ and that 
a precipitate of dithiodiimide lead is oblaiiuMl wlum baid iodide is 
used as precipitant. 

These observations are readily explained on th(‘ assumptions first, 


iRuff and Geiscl, Bcr., 37, 1573 (1004). 
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that sulfur nitride is a mixed sulfurous thio sulfuric anammonide 
which in liquid ammonia solution is ammonated to a mixture of an 
ammono sulfurous acid and an ammono-thio sulfuric acid as repre- 
sented bj the equation, 


NE :S: *S: =N~ EN -f 2NH3 = ^^E :S* -NH. + NE :S* -NH,, 

« II 

s s 


and second, that mercuric tliiodiimide, happening to be insoluble, is 
precipitated when mercuric iodide is added to the solution while 
lead dithiodiimide, being likewise insoluble, is precipitated in the 
presence of lead iodide. The respective reactions involved may be 
represented by the equations, - 

H^NSN + HgL ~ HgNSN + 2HI and H.NSoN -f Pbl. =i 
PbNSoN + 2HI. 


A third assumption is of course to the effect that thiodiimide lead 
and dithiodiimide mercury, both of which remain unknown, are 
soluble in liquid ammonia. 

The presence of ammono-thio sulfuric acid in the solution from 
which the mercuric ammonosulfite had been precipitated and fil- 
tered was shown by the formation of a precipitate of lead aminono- 
thio-sulfate when lead iodide was added to the filtrate. In a similar 
manner mercuric iodide added to the solution from which the 
ammono-lliio sulfuric acid had been removed in the form of its lead 
salt, gave a ])recipitate of mercuric ammonosulfite. 

Our assumption that in li<piid ammonia solution sulfur nitride 
is ammonated to a mixture of ammono sulfurous acid and ammono- 
thio sulfiiri(‘ acid in llu^ ])roi)ortion of two molecules of the former 
to one of the lat((‘r is in harmony with lUilf and Oeisel's observa- 
tions to the (diec't (hat 1h(‘ highest yield of thiodiimide mercury is 
obtained wlum two inohMUiles of mercuric iodide are used ]>er mole- 
cul(‘ of sulfur nitride while the best yiidd of dithiodiimide lea<l r(*- 
sults wlum sulfur nitride and lead iodide are brought together in 
eipiimohMUilar proport ions. 

Ruif and (ii(‘is(d furlluM* observed that when a li(|uid ammonia 
solution of sulfur uitridi^ is (*vai)orated to dryness, which is to say 
to the couiphde rcmioval of Tuiuid ammonia, a residue of The em]>iri- 
cal coni|)ositiou S.,N,,.2NI L, is obtained which on warming is con- 
vert(Mi into sulfur nitrid(‘. This ammonated ju-oduct may have Ixam 

- It is immalrrial for present purposes wliieh of the foriiiuhis. XSXHg.XHu (»r 
IIN(Nli:)SNllg on the one hand and NS,NPb.XII, or II,N (^TI j S,Xin», on tlie 
other, may he ascribed to the respective salts. 
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either a mixture of ammono sulfurous acid and amiuono-tliio sul- 
furic acid, 2NSNH2.NS2NH2, as has been assumed above or perhaps 
a mixed ammono sulfurous aminono-thio sulfuric acid, say of the 
formula, H.N(NH) S-N=S2=N-S(NH)NH2, which on treatment with 
mercuric iodide breaks down to form mercuric amnionosulfite and 
ammono-thio sulfuric acid, while in the presence of lead iodide it 
yields lead ammono-thio-sulfate and ammono sulfurous acid. 

The Action of Liquid Ammonia on Sulfur and of Hydrogen 
Sulfide on Sulfur Nitride in Liquid Ammonia Solution. When 
silver iodide in liquid ammonia solution is added to a solution of 
sulfur in the same solvent six-tenths of the sultur is recovered in 
the form of insoluble silver sulfide. Then on evaporating the fil- 
trate from the silver sulfide thus precipitated, and warming the 
residue left behind, a mixture of ammonium iodide and sulfur ni- 
tride is obtained, the latter in an amount accounting for the re- 
maining four-tenths of the sulfur used.® On the other hand, by 
dissolving sulfur nitride in liquid ammonia, adding to the solution 
thus formed somewhat more than six molecular e(iuivalents of hy- 
drogen sulfide and evaporating away the solvent together with the 
excess of hydrogen sulfide (ammonium sulfide), Ruft and Geisel ob- 
tained ten atoms of elementary sulfur for each molecule of tetra- 
sulfur tetranitride used. 

Dispensing for the moment with any surmises concerning the 
mechanism of the reactions involved it will be clear that first and 
last the action of ammonia on sulfur and of hydrogen sulfide on sul- 
fur nitride may be represented by the reversible equation, 

lOS + 4 NH 3 ;i±GH 2 S + 

On the one hand hydrogen sulfide and sulfur nitri(l(‘ are fonm^d by 
the interaction of sulfur and ammonia, on the other sulfur and am- 
monia result from the action of hydrogen sulfide in sulfur nil ride. 
The equilibrium represented by this eiiuation is displac(‘d coiiipbdcdy 
to the right when, as was done by Ruff and Geisel, ib(‘ hydrogen 
sulfide is removed from the system by means of silvcn* iodid(‘. It is 
displaced to the left when the liquid ammonia is allowaMl lo (evapo- 
rate away. 

It will be recalled that potassium hydroxide, in water solution, 
acts on sulfur to form potassium sulfides and potassium 1 biosul fal(‘ 
together with salts of a number of other thio acids. Ignoring tin* 
polysulfides and the thio acid salts other than tliiosul fal(e w(‘ may 
represent the reactions involved in the formation of tli<‘ snltidce and 
the thiosulfate as follows, -f- GROII = -f- 

and KoSO.. -|- 8 = K.SJ)... The first equation shows that two snlfnr 
atoms out of three undergo reduction to the dinegative staie, 

3 Ruff and Geiseb Ber., 38, 2659 (1905). 
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the third being simultaneously augmented to sulfurous acid sulfur. 
In the piesence of sulfur potassium sulfite is conv'erted into potas- 
sium thiosulfate. Similar reactions apparently take place, although 
very sjugpshly, when sulfur is heated with water. Assuming now 
that liquid ammonia resembles water, or even aqueous potassium 
hydroxide, in its action on sulfur then the experimental observa- 
tions of Rulf and Oeisel outlined above find at least a partial ex- 
planation as follows. 

feullui ill lic[Tii(i aiiinioiiia solution uiid.org06s simultaiiGoiis aii^- 
mentation and reduction in accordance with the equation, 

3S + 2NH3^2H,S + NSNH„ 

to form hydrogen sulfide (ammonium sulfhvdrate) and ammono sul- 
furous acid which latter compound then reacts with sulfur to form 
ammono-thio sulfuric acid, NSNHg + S = NvS.NH.. Equilibrium is 
established, we will say, in accordance with the equation, 

los -f GNH3 = ms + H3]n^(nh)b-n:S2-n-S{NH)nh3, 

as the result of the formation of an ammono sulfurous ammono- 
thio sulfuric acid. 

Hydrolysis of Sulfur Nitride. If sulfur nitride is a sulfurous 
thio sulfuric ananimonide it might be expected to undergo hydro- 
lytic decomiiosition to aquo sulfurous acid, aquo-tiiio sulfuric acid 
and ammonia. As a matter of f^ict, as shown by Rufl' and Geisel, 
the major products formed by the action of a(iueons potassium hy- 
droxide on sulfur nitride are potassium sulfite, potassium thiosul- 
fate and ammonia. In ])i*inciple the reactions involved are repre- 
sented by the e(iuation, -f OHoO 2H0SO3 + HoBoOg -f- INHv. 

Other ol)S(‘rval ions by Hull’ and Oeisel, which need not be re- 
called here, are in entire liarmony with the view that sulfur nitride, 
thiodiimide m(u‘(‘ury and dithiodiiniide lead are respectively a 
mixed sulfurous tliio sulfuric anammonide, a mercuric aiiimoiio- 
sulfite and a lead amnioiio-thio-sulfate. None is in disagreement. 
No esters of ammono snlfurous acid nor of ammono-thio sulfuric 
acid are known. 

Aquo-Ammono Sulfurous Acids. Compounds of the respec- 
tive formulas, lloNSOoll, HoNBOoNH^, NIl4.N(BOoNU^ ) and N^- 
H12S5O307 have been isolated from the products formed by the in- 
teraction of sulfur dioxide and ammonia.^ The first and second 
formulas re{)wsent an aquo-ammono unisulfurous acid and its am- 
monium salt respectively, the third represents the tri-ammonium 
salt of an aqiio-ammono disiilfuimis acid, HN(SOOn)2, while the 

4 Divers and Ogawa, J. Chein. Soc., 77, 327 (1900); 79, 1099 (1901); Scliu- 
inann, Z. anorg. Chem., 23, 43 (1900); Ephraim and Piotrowski, Ber., 44, 379 
(1911). 
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fourth, if given the formula, HO-SO-NH-SO-NH-SO-NH-SO-NH-SO- 
OH.SHoO represents a hydrated aquo-ammono peutasulfiirous acid. 
Compare with formula for a hepta silver aciuo-ammouo tetrasulfate 
on page 170. 

According to Ephraim and Piotrowski a sulfurous acid diamid- 
imide of the formula HN(SONH,) 2 , is formed by the action of 
liquid ammonia on thionyl chloride albeit the existence of such an 
aquo-ammono disulfurous acid was not conflrined by analysis. 

In addition to the ammonium salts mentioned above salts of aquo- 
ammono sulfurous acids represented by the formulas, HN(SO,- 
NHJo, HNlSOjK),, and AgN(SOAg) 2 , have been pi'Cimred. 

Esters. Many compounds have been prepared by the action of 
thionyl chloride and of sulfur dioxide on the amines which are to 
be regarded as esters of aquo-ammono sulfurous acids. For ex- 
ample, thionylaniline, CoH.,NSO,= and thionyldiethylamine, [(C.- 
H 5 ) 2 lSl]„SO,“' which have been obtained by the action of thionyl 
chloride’ on aniline and on diethylamine, are esters of two unknown 
aquo-ammono sulfurous acids of the formulas, IINSO and IFN-HO 
NH„ while the compounds, C,H,NII-S(>()I[ ^ and (CII„).,NSCUI,« 
obtained by the action of sulfur dioxide on ethylamim! and on di- 
methylamine respectively, are esters of the a(iuo-ammono sulfurous 
acid, HoNSOaH, which, as noted above, is among the products 
formed by the interaction of ammonia and sulfur dioxid(!. 

These esters and others of their kind are readily hydrolyzed by 
the action of water, aqueous acids or alkalis to amiiu's (animono 
alcohols) and sulfurous anhydride. 

Ammono Sulfoxylic Acid, Sulfazylic Acid, S(Nll,,).j. Esters of 
this nitrogen analog of an unknown sulfoxylic acid, SlOII),,," have 
been prepared by the action of secondary amines on sulfur dichlo- 
ride, a tetraethyl ester tor exanq)le, in accordance with llu^ (spialion, 
SCl 2 + 2(C,H,)2NII= (OJL,),N-S-N_((blI,), -I- 211('l."' More re- 
cently Clark has obtained a potassium salt of sulfazylic acid by 
the action of potassium amide on tetraethyl sulf.azylalc in li(pnd 
ammonia solution. The ecpiation, 

(C^HJ^N-S-NCC^H,), + 2KNir, == KNIFS-Nll K -|- 2(('J1J,N11, 

represents the saponification of the ester to form tlu; dipotassiimi 
salt of the acid and an ammono ethyl alcohol. 

5 Michaelis and Herz, Ber., 24, 745 (1891). 

^Micliaelis and Schindler, Ber., 28, lOlG (1895). 

7 Michaelis and Storbeck, Ann. Vliim., 274, 192 (1S99). 

s Schumann, Z. dnorg. Vhem., 23, 01 (lilOO). 

9 Vogel and Partington, J. Ohcm. Boo., 127, 1522 (1925) liasst'ti and Durant, 
J. Chem. Boc., 130, 1407 (1927). 

10 Lengfeld and Stieglitz, Bcr., 28, 575 (1895) ; Micliatdis, Bur., 28, 191(5 (1895). 

11 C. K. Clark, Thesis, Stanford University, 1929. 



CHAPTEE XIX. 

AMMOXO HYPOCnLOEOUS ACIDkS. 

come now to inquire concerning tlie existence of ammono 
acids derived from the elements of the seventh periodic group. Se- 
lecting chlorine as a typical halogen we may write formulas for 
hypothetical nitrogen analogs of hypochlorous acid, chlorous acid, 
chloric acid and perchloric acid as follows, H.NCl and HXCL„ for 
two amniono hypochlorous acids, HoXClNH, for an ammono chlorous 
acid, HNCm, for an ammono chloric acid and H2XCIX0, for an am- 
mono perchloric acid. Of the compounds thus formulated only two 
are known, namely, monochloramine and dichloramine; the first in 
the free state and in the form of esters, RHNCl and RRXCl, the 
otlier in solution ^ and in the form of esters, RXCh. The remaining 
purely hypothetical compounds may well be incapable of existence 

Ammono Hypochlorous Acids, Monochloramine, and 

Dichloramine, HN=:CL. Monochloramine is obtained by the action 
of aqua ammonia on a water solution of sodium hypochlorite.- Ac- 
cording to Easchig the reaction takes place as represented by the 
equation, NaOCl -f- XHg r=z HoNCl -|- NaOH, which in principle may 
be written, HO- ^C 1 + NH3 = *C1 -f H.O, and read as involving 

the ammonolysis of aqiio hypochlorous acid to an ammono hyp<^ 
chlorous acid. 

The pure compound has been obtained in the form of colorless 
crystals by passing the mixed vapors of chloramine and water over 
potassium carbonate and condensing the dried product at liipiid air 
temperature."' Monochloramine melts at — and decomposes at 
a somewhat higher temperature. 

U ydrohjsls oj M ()}iochl(>rnmin(\ A\'e have just learned that 
Easchig obtained monochloramine by the ammonolysis of a(iiio hypo- 
chlorous acid. Inversely in accordance with observations of Marck- 
Avald and t\dlle monochloramine is hydrolyzal)le to aquo hypo- 
chlorous acid and ammonia. In one set of ex[>eriments these in- 
vestigators found that ammonia is formed when the mixed vapors 
of monochloramine and water are passed over soda-lime and in an- 
other that dichlorine oxide is obtained by [)assiiig the mixed vapors 

1 Clia])in, J. Am. Chcm. Soc., 51, 2112 (l!)29). 

2 Raschig, Z. anorcj. Chcm., 20, 20GS (1907); Ber., 40, 4586 (19U7); CJicm. 
Ztg., 31, 126 (1007). 

3 Marckwald and Wide, Ber., 56, 1319 (1923). 
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over calcium chloride. Assuming that the reactions represonled by 
the equation, H,N-C1 + H^O HO-Cl + NH.,, are reversible it lol- 
lows that the aquo hypochlorous acid resulting from the hydrolysis 
of chloramine is fixed by the soda-lime leaving the ammonia un- 
acted upon.® The formation of dichlorine oxide and the non-appear- 
ance of ammonia in the second set of experiments are readily ex- 
plained on the assumption that the dichlorine oxide is formed by 
the dehydration of the aquo hypochlorous acid and tliat the am- 
monia is fixed by the calcium chioride as ammonia of crystallization. 

Deammonatiofi of Monochloramine. Aquo hypochlorous acid may 
be dehydrated to hypochlorous anhydride by distilling its aqueous 
solution under diminished pressure ® while the acid is reformed by 
dissolving the anhydride in water. 

According to Marckwald and Wide, the analogous deammonation 
of monochloramine to hypochlorous anammonide takes pla(*e spon- 
taneously when it is allowed to stand in contact with wafer, the 
reaction involved probably taking the stepwise course represented 
as follows, 2CINH2 = OlgNH + NH3, = 2CI3N + NHg. 

The inverse ammonation of trichlorine nitride to monochloramine 
has not been definitely established. 

Action of Hydrochloric Acid on Monochlor amine. Just as hydro- 
chloric acid is familiarly known to act on aquo hyj)ochlorous acid 
yielding water and free chlorine so similarly, according to Kas(*hig, 
it acts on monochloramine as represented by the equation, 

H2NOI + HCl = NH3 + CL, 

to form ammonia and chlorine. Noyes ^ has shown that hydro- 
chloric acid acts on chloiane nitride in an entirely similar maimei', 
NCI3 -p 3 HC 1 SClo + NHg. He states furthermore that Ihe re- 
actions probably take place with the intermediale formation of di- 
chloramine and monochloramine. Whether chlorine nitride^ is hy- 
drolyzable to aquo hypochlorous acid and ammonia is ai)i)arently 
unknown. 

Action of Chlorine on Ammonia. Aquo hypochlorous a(*id is 
formed by the action of chlorine on water,® one-half of th(‘ chlorine 
thei^eby undergoing reduction to chlorine ions, the other half aug- 
mentation to unipositive chlorine, or, what amounts to much the 

5 Whether the ammorio hypochlorous acid reacts with water as r(^pres(‘nt(‘(I 
above or with one of the constituents of the soda-lime, say sodium ]iy(lroxi(l(‘ in 
accordance with the equation, H2NCI q- NaOH = NaOGl -f inattc'r of 

indifference in the present connection since both reactions are, in j)rin(!ipl(‘, hy- 
drolytic. 

<3 Goldschmidt, Ber., 52, 753 (1919). 

7 W. A. Noyes, J. Am. Ghem. 80 c., 42, 2173 (1020). 

8 Jakowin, Z. physik. Ghem., 29, 613 (1899). 
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same thing, one may say that elementary chlorine, regarded as po- 
tentially a hypoclilorous acid chloride, is hydrolyzed by the action 
of water to hypoclilorous hydroxide and hydrochloric acid, 

(11- ■€! + H^O = HCl -f HO- -Cl. 


According to Marckwald and Wille ® chlorine acts on ammonia in a 
similar manner to form triclilorine nitride and hydrochloric acid. 
The reactions involved probably take place stepwise as represented 
by the scheme, 

l)c<;o'm)osil.ion of Uloii-ochloramine. Nitrogen, ammonia, hydro- 
chloric acid, hydrogen, hydrazine and hydrazoic acid have been 
identilied among the {iroducts formed by the decomposition of mono- 
chloramine under dilTerent conditions.^ 

In explanation of the manner in which monochloramine decom- 
poses in alkaline solution to form the products enumerated Easchig 
makes a "ood case in support of the following assumptions. 

The primary i-eactiou consists in the decomposition of chloramine 
in accordance will, the e.iuatiou, NH,CI = NH + HCl, just as a.iuo 
hypochlorous acid breaks down to form oxygen and hydroch one 
acid The free imide group thus formed reacts in at le<m 
three ways, the relative speeds of the three reactions varying with 
conditions First, some of the imido gi'oups break down to form h\- 
Ztn and nitrogen, fl) + H. sc^oi^. oE.e_rs lU^nmiA 

fnitridiw) ammonia to ’bvdrazine, U) N , -f ^ - 

while still others polymerize to triimide, (•.) - (NHi„ 

„:<I ,„„«l ,«„( l« mt™ge„ 

(.i) (Nll),^ N,+Nn,„and toa 

action of chlorainine to hydrazoic acid, (•)) ll'il i.-i-' - 


Xtives, A IK. (lu m. 


... M,.r<-lavi.l<l ami Willc, Itrr. 56 , l.‘il!l 
,„Bn,V a, Hi l)ou,.ll, ,/. Am. '^0-0 Soa, 39 . ■ a--> O-H > 
kCw. AO ( nil 1 < tTHUMlIl, .1 21 , < i* 

..Stork Ift.r., 53 , H:!'.' . ,1 , takrs ,,lar‘ as vrpr,- 

.•om..., lUl.M.o.iia and I.y 110 ,1 .< vri. A. NU . = X. -t- 


onn of (‘hlonm* iiuruu-, tneco , ..vu 

iu.id cUlori.lo. (O nilr.ms is lu.-imsl svI.h'U 

It. ’-N 4-2NH., to form uitrous a.uo..mnn..le 

la'acraocs (Icammonation, N (NUdo - •’ 

wbicli (if c(,mrso appears as nitrogen. 
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HN=N=N + NHg + HCl. Tlie reaction represented by e(iuation (1 ) 
becomes conspicnons when the decomposition of chloramine is 
brought about at elevated temperatures. In accordance with equa- 
tion (2) hydrazine is formed by the action of the free imide group 
on ammonia. This nitridation of ammonia to hydrazine is analo- 
gous to the oxidation of water to hydrogen peroxide. 

Easchig’s assumption of the formation of a trimer of the imide 
group, equation (3), is interesting for tlie reason that tliis short- 
lived compound instead of being assigned a cy('lic formula as 
was done by Kaschig may just as well, j)r()bably rath(‘r, be looked 
upon as an ammono nitrous acid which would be (^\])(‘ct(al to 
break down to ammonia and nitrogen, JIN- :N* -Nil, = N. + NIL, 
or to undergo augmentation in accordance with ihe <Mjua,iion, 
HN:::N-NH 2 + NH=:HN=:N:EN + NIT,, to form ammono nitrie 
acid.^^ 

Eecalling that hydrazine is among the products of the d(‘('omi)osi- 
tion of chloramine in alkaline solution it may well be that h.ydrazoic 
acid is formed in accordance with some such equations as 

H^N : + 2 H 2 N- *C1 = H,N- *N: ::Nn + Nil, + 21 1, (.11 

H2N-*N:-NH + H.N-Ol = HN= :N:EN + Nil, -|- IKH, 


which represent the nitridation of hydrazine first to ammono ni- 
trous acid and thence to ammono nitric acid. 

Finally, since hydrazoic acid is undoubtedly a laulouKude com- 
pound, its formation may alternately be expbiiiKMl on lli(‘ assump- 
tion that ammono nitrous acid (Easchig’s triimid(‘) acis on hydra- 
zine as represented by the e(iuation, 

HoN : NH, -f HN: :N^ -Nil, IFN : N= :N^ ~N 1 1, 1 1 N : N, 

N 

to form a cyclic nitrous acid hydrazid(‘. 

MonochJorcnnine as an Aii(/uicntlii(/ AijcuL Using (Ik^ <(‘rms oxi- 
dation and nitridation each in its specific s(ms(‘ it Follows tlial jusi 
as aquo hypochlorous acid is well known to b(‘ an (‘ni('icnt. oxidizing 
agent so analogously nionochloramiiu^ should Funclion as a nilri- 
dizing agent. The }>riinary augmenting agcmt in both a(pio and 
ammono hypochlorous acids is, of course, IIk^ hypochlorous acid 
chlorine with its strong tendency to acapiire eleclrons. AMnm ordi- 
nary hypochlorous acid decoin[)()ses in acc'ordama^ wilh 1h(‘ (Mpialion, 
HO- *C1 m n(T -f- O, the dinegative oxygen is roblxal of two (d(M*- 
trons thereby becoming a. powerful oxidizing agcmt, whil(‘ similarly 

i-Of courso it is not known Avhollier tho augnn'iiting agviU, is (‘hlorjuniiic, the 
free imide group, aquo liypoclilorous acid or nascent oxygen. 



amm:ono hypoghlorous acids 


181 


when ammono hypoclilorous acid decomposes as represented by the 
equation, *01 = HCl + NH, the imide group thus formed may 
be regarded as an analogous nitridizing agent. 

In an entirely reasonable sense both aquo hjpochlorous acid and 
chloramine may be said to act as chloridizing agents and indeed the 
use of such an expression is sometimes helpful as, for example, 
when one speaks of the intramolecular transformation of phenyl 
hypochloiite into chlorphenol and of phenylchloramine into chlor- 
aniline as consisting in the chloridizing action of the hjpochlorous 
acid chlorine contained in the respective hypochlorites. It is ob- 
vious in view of the reversibility of the equation, 

HOCl + NH 3 ;±: H.NCl + H^O, 

that water solutions of monochloramine may be expected to show 
either oxidizing or nitridizing properties or indeed both simultane- 
ously. 

The formation of sulfuric acid from sulfur dioxide and of potas- 
sium cyanate from potassium cyanide by the action of chloramine 
in water solution and the very considerable yield of potassium 
chlorate obtained by warming monochloramine with fairly concen- 
trated potassium hydroxide solution are probably best accounted 
for on. the assumption that aquo hypochlorous acid, resulting from 
the hydrolysis of chloramine, is the active agent. 

On the other hand Short obtained potassium dicyanimide, 
KN(ON)o, by the action of an aqueous solution of monochloramine 
on potassium cyanide, a result which is to be interpreted as in- 
volving the conversion of an ammonocarbonite into an ammonocar- 
bonate by the nitridizing action of an ammono hypochlorous acid. 
Kasehig observed the formation of phenylhydrazine as a produ(*t 
of the action of monochloramine on aniline, 

+ H.N- == CgH.NH : NIL + HCl. 

Obviously ammonia nitrogen is augmented to hydrazine nitrogen 
while concomitantly hypochlorous acid chlorine is reduced to hydro- 
chloric acid chlorine. 

Not enough is known of the bromine and iodine derivatives of am- 
monia to make it worth while to consider them here. 

Esters of Ammono Hypochlorous Acids. Assuming the cliloram- 

14 Rasehig, ang. Chcm-., 20, 20G8 (1907) ; Clu m. Ztg., 31, 1-C (1907) ; Bcr., 
40 45S0 ( 1907). Marckwakl and Wille, l:U9 (192:1). 

is Short, Clivtn. Kcirs, 126, 100 (1926). 

iG Rasohig, Z. anorg. Ckctn., 20, 20GS (1907). 
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ines established as ammono hypoehlorous acids it follows tliat their 
alkyl derivatives represented by the formulas, KNIL - (’I, ]{,,TSr-'Cd 
and EN;:C1„, are to be regarded as ammono hy[)ochlorons acid 

0St0I*S 

EthylcMoramine, C^HoNH-'Cl, and Dicihyl(;hloraniin<:, ((1,U,),- 
N--C1, have been obtained by the action of sodium hyixxddorite on 
the hydrochlorides of ethylamine and diethylamim* resp(>ctively.i^ 
The Rations, C + HO- -Cl = C,H,NH- -Cl + 11,0, and 
(C2H5)2NH + H0-*C1= (02H5)2N--C1 + H20, in accordance vvitli 
which the respective reactions take place, represent typical esterifi- 
cation reactions. 

Ethyldichlor amine, CoHsN-CU, lias been prepared (1) l).y passing 
chlorine into an aqueous solution of ethylamine, 

C2H5NH2 + 2CL = C,H,N-- :C1, + 2ncV« 

(2) by the action of chlorinated lime on ethylamine liydrochloride, 

OANH2 + 2H0*-C1 = :CL + 21L(),>'*‘ 

and (3) by the action of dilute sulfuric acid on ethylcliloramine, 

2C2H5NH- ^C1 = + O.II.NIL.-^ 

The first equation may be said to represent the forma, lion of an ethyl 
ammonohypochlorite by the action of hypochlorous acid chloride, 
Cl : Cl Cl- *C1, on an ammono alcohol. According io lh(‘ se(*ond 
equation an ethjd ammonohypochlorite is foriiKMl by tlui judion of 
aquo hypochlorous acid on an ammono (dhyl al(‘oh()l. third 

equation represents the interaction of (wo mohnailes of an acid (ssicn* 
to form one molecule each of a neid.ral <‘s(er and an alcohol. 

The alkyl chloramines are ill-smelling yellowish Ii(inids which (hr 
compose more or less readily on slanding (\\c(‘p(ing (,ha l som<‘ of lh(‘ 
carefully purified dichloramines have be<m k(‘j)t imhdinilcdy. 

The Alkylchloramines as Augmenting Agents. I/ik(‘ monochlor- 
amine the ammono hypochlorous a(*id (‘sl(‘rs as ac(iv(‘ angni(m(ing 
agents convert hydrogen sulfide to sulfur, sulfur dioxi(h‘ Io sulfuric 
acid and react with the halogen acids to lihei'ate tlu^ fian^ halogxms.-^ 

Berg found furthermore that aldehydes, [)resuma,bly formalde- 
hyde and acetaldehyde, and methylainine are fornuMl by warming 

17 Berg, An7i. chim., [7] 3, 319 (1894). 

isWurtz, Ami. chim. phys., [3] 30, 1474 (1849) ; Ann. Che in., 76 S37 (1850). 

19 Tscherniak, Ber., 9, 146 (1876) ; 32, 3582 (1899). 

20 Berg, A7in. chim., [7] 3, 346 (1894). 

21 Berg, Ann. chim. phys., [7] 337 (1894). 
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etliylcliloi'cUnine in. alcoholic potassinm hydroxide solution and 
ti'catin^ the mixture with excess of hydrochloric acid. The foi‘ma" 
tiou of acetaldehyde is explained on the assumption that intramolec- 
ular augmentation of the ethyl alcohol group and the simultaneous 
reduction of the hypochlorous acid chlorine takes place as follows, 

CH^CH.NH- -Cl CH3OH (NHJ Cl CH3CH^NH±^ CH3C&O, 

-HCI -NHa ^ ’ 

to form first the aldehyde amide-chloride which unstable compound 
loses hydrochloric acid to form ethylideneimine. This aldehyde- 
alcohol, in the presence of Avater, is hydrolyzed to acetaldehyde and 
ammonia. Methylamiue and formaldehyde are formed as repre- 
sented by the equation, 

OH3CH.NH- -Cl CH 3 NH-CH,C 1 ^ 

3 - 3 2 2 3 

CH^-O + CH3NH2, 

the hypochlorous acid chlorine attacking the carbon to carbon union. 

The formation of acetic acid by the action of potassium hydroxide 
on ethyldichloramine as observed by Berg^- involves the intramo- 
lecular augmentation of ethyl alcohol to acetic acid and the simul- 
taneous i-eduction of hypochlorous acid chlorine to hydrochloric 
acid chlorine, 

Cir.,Gir,lSfi :(JI„ ^ CIl3C(Nir.,) Cl„ — -> CHaCOOH. 

.12 “ 3 \ -y - -Nila- 21101 

Esters of Ammono Hypobromous Acids and of Ammono Hypo- 
iodous Acids. The alkyl broniamines and iodamines, in so far as 
they are known, resemble the alkylchloramines. They have been 
made by analogous processes, namely, by the action of the respec- 
tive halogens and potassium hydroxide on aipieous solutions of salts 
of the amines, and also in certain instances by the direct action of 
the halogen on water solutions of the free amines. 

22 Berg, Ann. Chim, Phijs., [7] 3, 343 (1894). 



CHAPTER XX. 
MIXED ACIDS. 


We are already familiar with acids, such for example as dia(‘et- 
aniide, dichloramiue and dicyanimide, which are d(MivaI,i\'(‘s of am- 
monia containing two like acid-forming gTou[)s in phute of two am- 
monia hydrogen atoms. Some examples of the many known acids 
of this type in which the imide group is attached tn two unlike 
acid-forming groups are listed and briefly commeiifed u})()n in tliis 
chapter. 

To make clear our conception ot the nature of these c()m[)oun(ls 
we undertake to elucidate in some detail the structure of nitrocar- 
bamic acid which is the first compound listed below.^ As has al- 
ready been shown (Chapter XV) nitramide is fo be regarded as an 
aquo-ammono nitric acid to which any one of fliree (autonieric for- 
mulas may be ascribed. It is a nitric acid derived siinuHaiieousIy 
from water and ammonia. It has also been shown in (dniplxm 
XI that carbamic acid, represented by either of (he formulas, 
H2N-*C0*“0H or :C* =(0H)2, is an a<pio-a.nimono carbonic.* acid. 
Writing the formulas. 


0:!]Sr*-NH--CO- 


•OH, 




(K)' ()|[, 




,.-(>11 

-oir 


for nitrocarbamic add it appears tliat tins eoinpoiind i.s (o bxtkcd 
upon as a mixed aquo-ammono carbonic aquo-iimmoiio nilric lu id. 

In speaking of nitrocarbamic acid as an luino-ammono caibonic 
aquo-ammono nitric acid Ave are siinjd.v describing the coiiipouiid in 
terms of the nomenclature ado[)tcd foV use in this monograph and 
not giving it what would be a very cniiibiu'somc naiiu'. 

Carbonic-Nitric Acids. Nitrocarbamic acid, wliicli is known in 
the form of its potassium salt, 0 „N-Nir (iO OK, oiid nilcoucca, 
H2N CO NH NO2,' are a(|no-ammono carbonic a(|iio aiiiniono nitric 


a' ‘‘ ni(n, 

Mrtm. a ('I'c NO, sc, up is i„ cou.l.iualiou xvilh 

hamfe a. »■'(>■!„ acid wl.ilc uiO'cear- 

^ ^ ^ ^ mi.Mod nitnc-ourbonie aoitl. 
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acids. Nitrogiianidine H2N-C(NH)NH“N02, is an ammono carbonic 
aquo-ammono nitric acid of wMch the silver salt, H2N-C(NH)NAg^ 
NOg, is known. 

Carbonic-Nitrous Acids, Nitrosocarbamic acid, ON-NH-CO-OH, 
known in the form of esters, is an aqno-ammono carbonic aqno- 
ammono nitrons acid. Nitrosognanidine, H.,lSr- 0 (NH)]SrH“NO, is an 
ammono carbonic aqno-ammono nitrons acid. Cyantriazene, 
:N* -NH- ^CN, known in the form of its phenyl ester and a phenyl 
ester silver salt, is an ammono carbonic ammono nitrous acid. 

Carbonic-Phosphoric Acids. The formula, HoN-CO-NH-PO- 
( 011)2? i*epresents an unknown aquo-ammono carbonic aquo- 
ammono phosphoric acid of which an ethyl ester, H2N-CO-NH-PO- 
(OH)OOoHj 5, has been prepared. 

Carbonic-Sulfuric Acids. Carbamidosulfuric acid, H2IS1-CO-NH- 
SOoOH, and carbamidodisulfiiric acid, 0 ~C(NH-S 02 - 0 H) 2 , are aquo- 
ammono carbonic aquo-ammono sulfuric acids. Dicyandiamidine- 
sulfuric acid, H2N-C(NH)NH-C0-NH-S020H, is an aquo-ammono 
dicarbonic aquo-ammono sulfuric acid. 

Carbonic-Hypochlorous Acids. Chlorurea, H2IS1-CO-NH- *C 1 , is 
an aquo-ammono carbonic ammono hypochlorous acid. 

Carbonic-Carbylic Acids. Acetylurea, CH3CO-NH-CO-NH2, di- 
acetylurea, CHgCO-NH-CO-NH-OCCHs, acetylbiuret, CHX'O-Nn- 
CO-NlI-CO-NHa, and acetyldicyandiamidine, CH3CO'NH.-C (NH) - 
NH-CO-NHg, are aquo-ammono carbonic aquo-ammono acetic acids. 
Oxaluric acid, Il2NXO'Nn-CO-CO-OH, and parabanic acid, are re- 
spectively an open chain and a cyclic aquo-ammono oxalic a(iuo- 
animono carbonic acid. 

It is interesting to note that one of the tautomeric formulas lor 


NH-CO 

uric acid, 00 (TPNIT , represents a compound which is a 


NH-C^N 


mixed a<[U()-ammono carbonic aquo-ammono tartronic acid and at 
tlie same time, in respect to the union, an X ester of an 

aquo-ammono carbonic acid. Acetylguanidiiie, Cnq.’<)“XH-< ' 1 XH 1 - 
NIIo, and acetylcvanamide, CH,.C0-X1T-CX, are ammono carbonic 
aquo-ammono acetic acids. Benzoylcyaiiamide, 0,.IL< 0-XOl < X, 
and dibenzoyldicyaiidiamide, (C,.H^,CO-XH) .X'=X-OX, are ammono 
carbonic aquo-ammono benzoic acids. 

Carbonic-Sulfonic Acids, llenzeiiesulfonylcarhamic acid, <\11,- 
SOoXH-COOH, and benzenesulfonylurea, C\.lI-S02XlI-( 'U-XIL, are 
aquo-ammono carbonic a(iuo-ammono beiizenesulfonic acids, Peii- 
zenesiilfonylgiianidine, CUH5SO2XH-C (Xn)Xn2, and benzenesul- 
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fonylcyanamide, CeH,SO,NH-CN, are ammono carbonic aquo-am- 

mono benzenesalfonic acids. ^ 

Nitric-Sulfuric Acids. Nitrosulfamide, HoN-bOaNH-NO., is an 
aquo-ammono nitric aquo-ammono sulfuric acid. 

Nitric-Sulfonic Acids. Benzenesulfonnitramide, 0 JI 5 SO 2 NH- 
NOo, is an aquo-ammono nitric aquo-ammono benzenesnl tonic acid 
of wMch Mathews ® has prepared fourteen salts. Mathews also pre- 
pared metallic salts of p-toluenesiilfonnitramide and of o nitro-p- 
toluenesulfonnitramide. 

Nitrous- Carbylic Acids. N-Nitrosoacetanilide, OIT,CO-N(NO) - 
C is a phenyl ester of an aquo-ammono nitrons aiino-ammono 
acWc acid. Benzoyldiazoaminobenzene, O^H , ( C,/! i ,C( ) ) N-N N( ^,.11.,, 
is a diphenyl ester of an unknown ammono ni Irons aqno-aminono 
benzoic acid, 

Diazobenzenebenzamidine, C 6 H 50 (NH)Nn- “N' *CylTg, which is 
formed when benzenediazonium chloride and beiizamidine are 
brought together in dilute sodium hydroxide solution, is an ester of 
an ammono nitrous ammono benzoic acid.^ 

Nitrous-Sulfonic Acids. A phenyl ester of an ammono nitrous 
aquo-ammono benzenesulfonic acid of the formula, 

OeHgSO^* -NH- *N: 

is known. 

Phosphoric-Carbylic Acids. Benzoylpliosphainic acid, O^jII.^OO- 
NH-P 0 ( 0 H) 2 , is an aquo-ammono phosphoric aquo-ammono Ixmzoic 
acid. 

Sulfuric-Hypochlorous Acids. Chloramidosulfuric acid, C1‘ -NJ I- 
SO 2 OH, and monochlorsulfamide, HoN-SOo-Nlh q q, are (‘xam])les of 
aquo-ammono sulfuric ammono hypochlorous acids. 

Sulfuric-Carbylic Acids. Benzo.ylamidosnlfiiric acid, 
NH-SO 2 OH, is an aquo-ammono sulfuric a(iuo-{unmono Ixuizoic* acid. 
Benzamidinesulfuric acid, C^Hg 0 (Nn)NII-b() 2 OII, is an mpio-am- 
mono sulfuric ammono benzoic acid. 

Hypochlorous-Carbylic Acids. Acetchloramide, UPNIP dd, 
is an ammono hypochlorous aquo-ammono acetic acid. 

Hypochlorous-Sulfonic Acids. Benzenesulfonylchloramide, 
HgSOgNH-^Cl, is an ammono hypochlorous aquo-ammono benzene- 
sulfonic acid. 

Carbylic-Carbylic Acids. Acetylbenzamide or benzoylacelamide, 
OHaCO^NH-OCCeHg, is an aquo-ammono acetic aqiio-aminonobeiizoic 
acid. Acetylbenzamidine, Oen 5 G(NII)NlbO(JOH„ and diacetyb 
benzamidine, CgHgC(N-OCCH 3 )NH-OCCH.j, are aquo-ammono acetic 

3 Mathews, J. Phys. Chem., 24, 108 (1920). 

4 Pinner, Ber., 22, 1609 (1889). 
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iimmono benzoic acids. Beiizoylbenzamidine, C6H5C(NH)NH- 
OOC^jH^, is an aininono benzoic aquo-ammono benzoic acid. 

Carbylic-Sulfonic Acids. Benzenesiilfonvlbenzamide, CtjHs- 
SO^NlI-OCO^jHs, is an example of an aqno-ammono benzoic aquo- 
ammono benzenesuironic acid, benzenesulfonylbenzamidine, CeH^- 
►S02'^]SfJI“(NH)00(5ll5, of an ammono benzoic aquo-ammono benzene- 
sulfonic acid. 



CHAPTER XXI. 


ACID ANAMMOXIDES. 


Compounds related to the ammono acids as the acid anhydrides 
are related to the aqiio acids we have chosen to call acid anain- 
monides. The foi^mer* are oxides, the latter are nitrides, of tlie iioii' 
metals and of negative or acid forming groups. Carbon dioxide 
and the oxide, (CH3C)203, for example, are respectively carbonic an- 
hydride and acetic anhydride while carbonic nitride, C.^N.,, is m 
carbonic anammonide and acetonitrile an acetic anaminonide. 

Boric Anammonide, (BN)^. Boron nitride is the nitrogen a,na,- 
log of boric anhydride and as such is to be regarded as an acid an- 
ammonide. It is formed by heating boron in an atmosphere of nitro 
gen and by heating boron imide, B2(XH)g, which is an ammono bori(* 
acid. It is hydrolyzed by the action of water to aquo boric acid 
and ammonia.^ 

Carbonic Anammonide, (C3X4),,. It might be expected tliat vy- 
anamide, which is an ammono carbonic acid, on heating would lose 
ammonia and pass over into carbonic nitride in accordtince wiili 
the equation, 

SHoXCN nz C3N, + 2NH3. 

Instead it undergoes polymerization to dicyandiainide and nud- 
amine. On further heating, the latter compound, losing ammonia, 
passes successively into melam and melem, two rather indcdinihdy 
characterized ammono carbonic acids, and hnally into a ycdlow, 
insoluble, infusible product to which Liebig gave the naim^ imdon. 

\ears ago Schneider- found that carbonic nitride is rorm(‘d as 
represented by the equation. 


283(CN)2 = C 3 X, + C.S 2 + 4S, 


when cyanogen trisulfide is heated. However Schneider’s comj)()iind 
has failed of record in the handbooks of clieniistry and ihis, pia- 
suniably, for the reason that in his paper adeipiale analylical daia 
are wanting. 


Investigations by Franklin ^ and especially by Kingv' by (hianilKo*' 

I (1901) ; Stock and Ilolle, Bc7\, 41 2095 (1908) 

- bchiieider, J. prakt. Clicm., [2] 32 , 200 (1885). ’ ' 

3 Franklin, J. Am. iJhem. Soc., 46, 507 (1922). 

^ n. I. King, Tlioisis, Stanford University, 1924. 
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liiiu'^ and by Haslrinioto" Lave shown that mercuric thiocyanate, 
dry and free from admixture of basic salts, decomposes on heating 
ill accord anc;e witli the equation, 

2 Hg'(SCN )3 rz: 2HgS + CS. + C 3 N,, 

to form mercuric sulfide, carbon disulfide and carbonic aiiammonide. 
Koeplli^ found that carbonic nitride contaminated with more or 
less sulfur is formed when cyanogen sulfide is heated, 

2S(CN),rzCS. + C,,N,. 

Mor(; r(‘C(mtl.y ^ he has repeated Schneider's work on the decomposi- 
tion of cyaiiogxm trisulfide with the result that he was unable to 
obtain a product entirely free from sulfur. He concluded however 
that he had impure si)eciniens of carbonic nitride in his hands. 

Carbonic nitride is a yellow, extremely bulky, fluffy material 
which at temperatures approaching redness decomposes to form 
cyanogen and nitrogen, 

2(\K,z:z3(CN)o + N.* 

It is undoubi(‘dly higlily polymerized and is soluble neither in water 
nor li<|nid ammonia, it absorbs moisture with extreme avidity 
wlum (‘xposcal to tb(‘ almos[)here. Heated at 170'*' in a cIoscmI tub(‘ 
with a(iU(‘oiis liydrochloric acid it is hydrolyzed to cyaiuiric acid 
and ammonia, at, high(‘r toni|KM*atiires complelely to cai'bon dioxide 
and amimniia. It. dissolves in fused sodiniu amide to form disodium 
cyanamidcq 

(t.N,, + ONaNiL =: dXa.CX, + INH,, 

whi<‘h is to say that carbonic nnaiuinoiiide reacts with llie sodium 
aiiimono bas(‘ to form a, sodiuin aimnonoca rboiiat(x 

l( aj)p(mrs that, in so lar as one may sp(‘ak of a, iioinayslal li n(‘, 
inrusibl(\ insoliibU* j»ro(lucl as possc^ssing clumiical individual i (y 
earboni(‘ nitrid(‘ is fairly (‘(‘rta inly a, dtdinitc* clnmiical compound. 

Carbonous Anammonide, C;A\" luxating tid raiodoimi<lazo](‘ 

Pauly ami WhiHzinger oblaiiied an insolubhx infusibhx s(‘j)ia-col- 
oiaal product of tb(‘ coni])osi(ion i‘cj)resent(Hl by the formula, (C.,NC) 
which may be lookcal upon as a j)olymcriz(‘d form of (airljoiious ni- 

•' \\ I. ( 'li:uiil)('rl:ii n, I’lK'sis, Sliuiford Piiivcrsity, IDUl. 

<’> T. Ilosliiniolo, .Ja(‘(ni('s Locli l.ahoralory, private c'onmumication. 

",I. B. I\()(‘|)Hi, Tlu'sis, Siaiiford Univcrsily, 

« Priva,te coiinTnini(;aiioo. 

upjuily and Waltzinger, iicr, 46, 3129 (1913). 
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tride. HoT^’ever recent work by Wenzel has shown that Pauly 
and Waltzinger’s product is very probably a mixture of paracyano- 
gen and carbon. 

Silicic Anammonide, According to Weiss and Engel- 

hardt^® three nitrides of silicon of the formulas, 813^4, SiN and 
SigNs, exist. The compounds represented by the first and second 
formulas may be regarded as respectively a silicic anammonide and 
as an anammonide of an ammono silico oxalic acid, SigNo. The 
compound of the composition, HSiN ;=tHNSi, obtained by the ac- 
tion of ammonia on silico chloroform, 


HSiClg + NH 3 = HSiN + 3HC1, 


may be looked upon as either a silico formic anammonide or as am- 
mono silicious acid. 

Nitrides of the remaining elements of the fourth periodic group 
have been reported as follows, titanium nitrides, Ti3N4, TiN, TigNy 
and TiNg, germanium nitrides, Ge3N4 and GCgNsd® zirconium ni- 
trides, Zr3N4, ZrN, Zr^Ng and ZrgN^, and thorium nitride, Th3N4. 
Nitrides of tin and lead are not definitely known. 

Nitrides of the Elements of the Fifth Periodic Group. Nitro- 
gen may be said to separate from the diazo compounds as nitrous 
anammonide, Nr:N— ^No. Phosphorus nitrides of the formulas, 
P3N5 and PN, are to be regarded as i)hosphoric and phosphorous 
anammonides respectively, vanadium nitride, YN, as vanadoiis aii- 
ammonide, arsenous nitride, AsN, as arsenous anammonide, anti- 
mony nitride, SbN, as antimonous anammonide and the tantalum 
nitrides, and TaN as tantalic anammonide and taiitalous an- 

ammonides respectively. Bismuth nitride, BiN, is probably rather 
to be looked upon as a basic nitride than as an acid anammonide. 

Sulfuric Anammonide, 8N0, and Sulfurous Anammonide, iS^N^. 
These compounds are unknown. Attempts to prepare nitrides of 
sulfur of the composition represented by the above formulas or their 
ammonates by the action of nitridizing agents, in li(iuid ammonia, 
on hydrogen sulfide, on elementary sulfur and on tetrasulfnr Ithra- 
iiitride have not been successful. 

Tungstic Anammonide, WN.. Tungsten vapor combines with 
nitrogen to form a brown nitride ot* the composition re[)res(m<(‘d hy 


10 R. X. Wenzel, Thesis, Stanford University, 11)27. 

13 Weiss and Engelhardt, Z. anorg. Chem., 65, 38 (lUlO) ; Blix and Wirbelauer, 
Ber., 36, 4227 (1903) ; Titherley, J. ('hem. Hoc., 65 7)20 (1804) 

1-1 Ruff and Albert, Her., 38 , 2233 (1906). 

_ Schwarz and Denk, Ber., 63, 296 (1930); Johnsuu, J. Am. ('hem. Hoe., 52 
«jlb0(i930). * 


1^ h aw Yap Chuck, Thesis, Stanford University, 1926. 



ACID ANAMMONIDEB 


191 


the above formula.^ ‘ Under the action of water this compound 
yields ammonia and presumably WO. or some hydration product 
thereof. 

Kideal obtained a black nitride of tungsten, to which he gave 
the formula, WoNg, by the action of ammonia on tungsten liexa- 
chloride. The compound may be a tri valent tungsten animonotung- 
state, WN.WN^. 

Attempts to prepare an amide, imide or a nitride of tungsten by 
the action of potassium amide on tungsten halides using liquid am- 
monia as solvent were not successful.^® 

Hypochlorous Anammonide, NEiClg. Trichlorine nitride is re- 
lated to the ammono hypochlorous acids as hypochlorous anhydride 
is to aquo hypochlorous add. Nitrogen trichloride is therefore to 
be regarded an hypochlorous anammonide and not as the latter 
name would indicate a nitrous acid chloride. 

According to Selewanow trichlorine nitride is hydrolyzed by 
the action of water to aquo hypochlorous acid and ammonia while 
inversely it is formed by the action of ammonia on aquo hypochlor- 
ous acid. In view of the small difference in the negativity of chlor- 
ine and nitrogen as measured by Pauling it is reasonable to sup- 
pose that NCI3 will be found acting sometimes as chlorine nitride, 
NEiClg, at other times as nitrogen trichloride, NUClg. Attempts to 
prepare isomeric nitrogen chlorides were not successful. 

Formic Anammonide, HCN. Represented by the formula, 
HN=*0, hydrocyanic acid is an ammono carbonous acid as has al- 
ready been shown in some detail [cj. Chai)ter XII). The formula, 
HC:EN, represents hydrocyanic acid as a formic anammonide. 

Acetic Anammonide, OH3CN. With the acid amidines estab- 
lished as the nitrogen analogs of the carboxylic acids (<f. Chapter 
XXI) it follows that the nitriles, which are related to the carbazylic 
acids as the acid anhydrides are related to the carboxylic acids, are 
to be regarded as acid anammonides. 

The following well-known experimental facts sii|)])ort the view 
that acetonitrile is an acetic anammonide. It is formed by the 
dehydration of acetamide, which is an a<iuo-ammono acetic acid, 
and by the deammonation of acetamidine, an ammono acetic acid, 
just as the removal of water from a<pu) acetic acid yields acetic 
anhydride. In li(iuid ammonia solution it unites with potassium 
amide to form a potassium ammonoacetate after the manner of the 

17 Langmuir, J. Am. Chcm. ^oc., 35, 932 (1919) ; 37, llnO (1915). 

18 Ridoal, J. (Jhefri. Soc., 55, 44 (1S89). 

OJ Bergstrom, J. Am. Chem. aSoc., 47, 2323 (1025). 

“0 Sel(‘\vanow, Brr., 25, 3918 (1892); 27, 1912 ( 1894); Cliapman and Voddtm, 
J. (Jhe.m. Bog., 95, 143 ( 1909) ; W. A. Noyes, J. Am. Chcm. Boa., 42, 2174 (1920). 

-1 Pauling, J. A771. CJumi. Boc., 54, 3577 (1932). 

22 W. A. Noyes, «/. Am. Chem. Boc., 47, 2159 (1925). 
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formation of potassium aquoacetate by the action of potassium hy- 
droxide on acetic anhydride. It reacts with water and the ah'ohols^ 
hydrogen sulMe and the mercaptans, ammonia and the amines in a 
manner closely resembling the action of acetic anhydride on the 
same compounds. It follows from these considerations that the 
nitriles in general are to be looked upon as acid anammonides. 

Mixed Anammonides 

Just as certain compounds, such as acetyl nitrate or nitrosyl 
acetate, CHgCO-O-NOo, for example, are acid anhydrides containing 
residues of two acids so one might expect to find anammonides con- 
taining residues of two or even three different acids. Mixed anam 
monides of the former type are known but apparently none of the 
latter. 

Carbonic-Carbonous Anammonide, NE :C* :C. Although ex- 

perimental evidence in support of any surmise to the effect that 
cyanogen is a tautomeric compound is meager it nevertlieless seems 
worth while to recall that the familiar formation of potassium cy- 
anate and potassium c^mnide by the action of potassium hydroxide 
on cyanogen may be plausibly explained on the assumption of the 
presence in cyanogen of a tautomeric form of the above formula. 
This formula represents a mixed carbonic-carbonous anammonide 
which, assuming the possibility of its existence, should react with 
potassium hydroxide in accordance with the equation, 

NE -N- :0 + 2KOH r=: KO- ^C: EN + KN: :C -f H,(), 

to form equimoleciilar quantities of a potassium a(iuo-{iinin()ii() cm- 
bonate and potassium ammonocarbonite. 

Furthermore the presence of ammonium oxalate, hy(lr()cyaui(‘ 
acid, ammonium carbonate and urea among the ])rodn(*ls fornuMl 
when a water solution of cyanogen is allowed 1o stand for a lina^ 
is readily explained if it be assumed that the two taiitoimM-ie forms 
of cyanogen undergo hydrolysis simultaneously as re))r<\s(Mil(Ml bv 
the equations, 

:NE :C : C: EN + IH.O ~ HOOO : OOOII + 2NII, 

NE :C* -N= :C -f H.O == HO- Ol EN + 1 1 N-- :( t 

The cyanic acid primarily formed yields ammonium carl.onalo and 
urea. 

Finally in a similar manner the formation of potassin.n ammono 
carbonate and potassium ammonocarbonite by Die interacUou of 
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potassium amide aud cyanogen in liquid ammonia solution may be 
explained as taking place as follows, 

NE -C- -N; :C 4 - 3 KNH 2 = KjN- -C: EN + KN= :C + 2 NH 3 . 


Cyanurtricyanide, NC -0 


N;C(CN) 

/ \ 


..N: 


N-C(NC)^ 

\ / \ / 

N-C(CN) N-C(NC) 

may be regarded as a trimer either of oxalic anammonide or of 
carbonic carbonous anammonide. Its formation by the dehydration 
of cyanuric acid triamide, 


C,]Sr3(CONH2)3 


-3IIaO 


^C3H3(CN), 


leads obviously to tlie structure represented by tlie first formula. 
On tlie other band its hydrolysis to cyanuric acid and hydrocyanic 
acid, 

C3N3(N0)3 + 3ILO = C3N3(0H)3 + 3HNC, 

and its interaction with methyl alcohol to form trimethyleyanurate 
and hydr()(‘yauic acid,-^ 

C3N3(NG)3 + 3Cn30II = C3N3(0CH3)3 + 3HNC 

^•ives some suiiport to the assumption that the constitution of cya- 
iiurti'icyaiii<l(^ is as represented by the second lorninla. 
Dicyandiazide, a Carbonic Nitric Anammonide, 


NE :(> :(E: 


EN 

-N=:NiEN- 


Uv the ai'iion of cyaiiogxui bromide on sodium azide Darzens-^ ob 
ta'iu(‘d a. Iii^!,iily explosive product formed, as he believed, in accord 
aiK'e with the eipiation, 

N(dVr + NuN-NEN = NEON^NEN + Nalir. 


Such Ji coinjiouiid would be a mixed anammonide of nitric ucid and 
curhonic acid. 

3-u CoriKill, J. Am. (^Jicni. Kor,, 50, 3311 (IU2S). 

321 ) ott, /irr., 52 , oriU ( lilU)). 

33 Darzciis, Compt. 7'end., 154, 1232 (1012). 
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Eeeent investigations by Hart have shown Darzens’ eompoimd 
to he a dimer of cyanazide and that as such it is to he represented 
hv the formula given above and renamed dicyandiazide. Assuming 
hydrazoic acid to he an animono nitric acid it follows that dicyandi- 
azide, since it contains an aininono dicarbonic acid residue and two 
ammono nitric acid residues, is a mixed carbonic nitric anamnionide. 

When a suspension of dicyandiazide in dilute sodium hydroxide 
is warmed for a short time disodium cyanamide, sodium aquocar- 
honate and sodium azide are formed practically quantitatively, 

NC-N=C(N-NEN)2 + 6NaOH = + Na^COa -f 

2NaN=NEN + SH^O. 

On treatment with an ether solution of ammonia dicyandiazide 
yields dicyanamidazide, 


NC-N=C(N=]^EN)2 + NH3 = Isrc-N=C(NH2)N=NEN + HN=NEN, 


which in turn on warming in liquid ammonia solution with potas- 
sium amide is ammonolyzed to form dipotassium cyanamide and 
potassium azide, 


N 0 -C(NH 2 )N=NE 1 T + 5KNH2 = 2K2NCN + + 4NH3. 


That potassium cyanamide instead of the potassium salt of dicyan- 
diamide was obtained Hart explained on the basis of observations 
to the effect that dicyandiamide, which one might expect to obtain, 
is depolymerized to cyanamide when heated with potassium amide 
in liquid ammonia solution. 

N=(CN-NEN) 

/ \ 

Cyanurtnazide, NiN-N-C^ This compoimd 

N-(CN;NEN) 

which is to be looked upon, as a trimer of the unknown cyanazide of 
Darzens, is a cyclic carbonic nitric anammonide. It is formed l)y 
the action of sodium azide on cyanuric chloride, 

N3C3CI3 + 3 NaNrNEN = N3C3 (N;NEN)3 + SNaCI, 

-4 Hart, J. Am. Chem. ^oc., 50, 1022 (192S). 

25 An account of this work carried out with liquid ammonia as solvent was 
inadvertently omitted from Hart’s published paper. (C. V. Hart, Thesis, Stan- 
ford University, 1927.) 
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and when warmed with aqueous sodium hj’droxide is hydrolyzed 
quantitatively to form sodium cyanurate and sodium azide.^® 

N3C3(N=NEN)3 + GNaOH = N3C303Na3 + + SHoO. 

Hart showed that by the action of ammonia on cyanurtriazide in 
ether solution one of the azide groups is replaced by an amido 
group, 

N3C3 (N=NEN) 3 + NH3 ^ N3C3 (NH3) (NiNEN) 3 + IIN^IS^EN, 


and that dipotassium cyanamide and potassium azide are formed 
Avhen cyanurtriazide is warmed with potassium amide in liquid am- 
monia solution, 

N3C3(N-NEN)3 + OKNHo 3K3CN3 + 3KN=NEN -f GNH^. 


Tetrasulfur Tetranitride, It has already been shown that 

this compound may be regarded as a mixed sulfurous thio sulfuric 
anammonide to Avhich the formula, NE:S*-N=:S:=N"*S:EN, has been 

II 

S 

given {cf. Chapter XVIII). 

Selenium and tellurium form compounds with nitrogen of the 
respective empirical formulas SeX and TeX, which are very prob- 
ably analogs of tetrasulfur tetranitride. 

Carbonous Hypochlorous Anammonide, C*-X“*C1. It is shown 
in another place (cf. Chapter XXIIT) that cyanogen chloride re- 
acts with water, ammonia, the alcohols and amines in a manner 
best explained on the assumption that it is a carbonic acid nitride- 
chloride. On the other hand its liehavior toward certain readily 
oxidizable compounds leads (inite as dehnitely to the conclusion that 
it is a derivative of hypochlorous acid. 

Similar statements may be made concerning the Ix^liavior of the 
bromide and iodide of cyanogen. In so far therefoi-p as tlu^ halogen 
cyanid(‘s may be represented by the formulas, C:=X" (h, O— X-d>r 
and C: -X- d, tlnw are respectively a carbonous hypochlorous aiiam- 
monide, a carbonous hypobromous anammonide and a carbonous 
hypoiodous anammonide. 

llydriodic acid, hydrogen sulfide, sodium sulfit(\ sodium ars(‘nite 
and sodium plumbite are augmented quant itatively to iodiiH\ sulfur, 
sodium sulfate, sodium arsenate and lead peroxide rt^spediv'ely 
when treated with cyanogen iodide.-' Cyanogen chloride and cyano- 

Ott and Olist?, Bcr., 54, ITJ) (1921); IVylor and llinkiMiliacli, Bur. M'uics 
Burial, (1923). 

-7 Cliattawav and Wadmorc, J. Client. Boc., 81, 191 (1902) ; Gutmaiin, Bcr., 42, 
3023 (1900). ‘ 
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gen bromide augment these substances just as cyanogen iodide doe? 
excepting that, especially on the case of cyanogen chloride, the yield 
of augmentation products is much lower. 

Nitric Hypochlorous Anammonide, Chlorine Azide, Ob-N=:N:;N. 
This mixed anammonide, which is a highly explosive gas at ordinary 
temperatures, has been prepared by the action of sodium hypochlor- 
ite on sodium azide in dilute acetic acid solution.-® Its formation 
in accordance with the equation, 

Cl“OH + HN=N=N = C1-N--NEN + IT,0, 

and its hydrolytic behavior toward sodium hydroxide solnlion as 
represented by the equation, 

C1-N=N£N + 2NaOH = NaN-NzN + Na()(,q + 11/)^ 

are in agreement with our assumption that it is an acid anam- 
monide. 

Nitric Hypobromous Anammonide, Bromine Azide, Br-N:::N: 
5N. This compound has been obtained as a, vc‘ry x'olatile, orange- 
red liquid, freezing at — 15°, by passing bromiiu^ vapor diluted 
with nitrogen over dry sodium azide and condensing (he product in 
a freezing mixture.-® It is highly exi)losive and is liydrolyzed when 
in the vapor form it is passed into water. 

Nitric Hypoiodous Anammonide, Iodine Azide, I*-N-:NizN. 
That Hantzsclds triazidoiodide, prepared by (Ik* action of iodine in 
ether solution on silver azide, is a mixcul nitric hypoiodous anam- 
monide is shown by the manner of ii,s forma, I ion as re[)r(‘senl(Ml 
by the equation. 


I2 + AgN=N_=N + I-N-NIN + Agl, 

and by Hantzsclrs observations to (he (‘llVcl (lm(, i( is liydroIyz(Ml 
by the action of water to hydrazoic acid and a,(pio hypoiodous acid, 

l-N-WzN + lU) z=z llNiNZN + IlO-r. 

^aKasdug, Bur., 41, 4194 (lOOS). 

Spencer, J. Chcm. Buc., 127, 2l() (1928). 
scHaritzsch, Bcr., 33, 922 (1900). 
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Some examples of compounds which are at the same time acid 
anhydrides and acid anammonides are listed herewith. 

Carbon dioxide is a carbonic anhydride, carbonic nitride is a car- 
bonic anammonide while a compound of the formula, NC-O-CX, 
would be a carbonic anhydride-anammonide. While cyanogen oxide 
is unknown it hap])ens that the sulfur, selenium and tellurium 
compounds of the respective formulas, NC-S-CN, NC-Se-CN and 
XC-Te-CX, have been prepared.^^ 

In agreement with the view that cyanogen sulfide is the sulfur 
analog of the unknown compound, cyanogen oxide, are its am- 
monation by the action of ammonia to a thio-ammono carbonic acid, 
XC~S-CX 2 NH ;5 =i H.X-C(XIT) S-Ci NHjXH.,, its conversion to 
potassium cyanate and potassium thiocyanate under the action of 
potassium hydroxide, XC-S-CX + 2KOH = KOCX + KSCX + H.O, 
and, as has been shown by unpublished work done in this laboratory, 
its decomposition by the action of heat to form carbon disulfide and 
carbonic nitride, 2XC-S-CX CSo + C 3 X 4 . 

Nitric Anhydride-Anammonide, Nitrous Oxide, Xi:X:=0. As- 
suming that the nitric acid nitrogen and the ammonia nitrogen con- 
tained in ammonium nitrate persist as such after the salt has been 
convxu'ted into nitrous oxides and water by th(» action of h(*at it fob 
lows that as r(‘pr(*sent(Ml by the scheiiH*, 

().,N OII.XIl,, > O.N-Xir.. > XzN'O, 

’ -ir.o “ “ — ii..() ^ 

nitrous oxide appears as a nitric anhydride-anammonide. It is rea- 
sonable to assume that nitric acid is first ammonolyzed to an a(iuo- 
ammono nitric acid (nitramide) which in turn immediately loses 
water to form a nitric anhydride-anammonide.- It is interesting to 
recall that ^rendelejeft* ^ exi>lained the formation of nitrous oxide 
from ammonium nitrate in a manner practically identical with 
the above. The forma I ion of niti'ous oxide ])y the interaction of 
liydroxylaniiiie and nitrous acid might lead one to conclude that it 

1 No atteni})! is made to classify tlicso compoinuls. 

la Liiinemaiiii, An^i. Chern., 120, ^30 (1S61); Scliiieidor, J. praJet. Chrm., [2] 
32, 187 (189C). 

Davis and Ahrunis, J. Am. Cliem. ^oc., 47, 1043 (1920). 

3 Meiidclejeir, Bvr., 23, 3409 (1890). 
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is a cyclic nitrous acid oxime. It lias already been noted that it 
may be regarded as a hyponitroiis acid anhydride (p. 191). 

On the assumption that hydrazoic acid is an ammono nitric acid 
the formation of sodium azide by the action of nitrous oxide on 
sodium amide, NaNHg + N 2 O = NaN-NzN + HgO, is in harmony 
with the view that nitrous oxide is a nitric anhydride-anammonide. 

Preliminary’ experiments made some years ago in this laboratory 
and recently repeated under carefully controlled conditions,^ have 
shown that small quantities of sodium nitrate and ammonia are 
formed, say in accordance with the equation, 

mmo + NaOH + H 2 O = NaNOs + NH 3 , 

when nitrous oxide is passed into fused sodium hydroxide. These 
observations lend support to the assumption that nitrous oxide is a 
nitric anhydride-anammonide. 

On the other hand the decomposition of hyponitrous acid into ni- 
trous oxide and water may be interpreted as showing that nitrous 
oxide is hyponitrous anhydride. Even though the chain formula for 
nitrous oxide has been fairly well established for nitrous oxide the 
possibility of its being a tautomeric compound is not thereby en- 
tirely excluded. 

Phosphoric Oxide-Nitride, Phosphoric Anhydride-Anam- 
monide, 0=PEN. This compound is formed by the elimination of 
ammonia from the aquo-ammono phosphoric acids, OP(NH 2)3 and 
0 P(NH)NH 2 , and is converted into potassium aquophosphate by 
the action of fused potassium hydroxide, 

NPO -f 3KOH = K 3 PO, -f NH^. 

Triacetamide, Acetic Anhydride-Anammonide, (( df.,( '( )) .,N. 
Triacetamide and tribenzainide are respectively an acetic aiihy<lri(l(‘- 
ananmionide and a benzoic anhydride-ananimonide. 

Examples of mixed anhydride anammonides containing two dif- 
ferent acid residues are the following. 

CarlaMde, OC(N=NiN)o. This compound, assuming the azide 
groups to be ammono nitric acid residues, is a carbonic anhydride- 
anammonide and at the same time a carbonic nitric anainmonide. 

Benzoijlisocijanate, CgHgCO-N^CO, a representative acyl isocya- 
nate, is a mixed benzoic anhydride-anammonide carbonic anhydride- 
anammonide. 

Benzenesulfonylisocyanate, CellsSC.-N^CO, is a benzenesulfonic 
anhydride-anammonide and at the same time a carbonic anhydride- 
anammonide. 


Fernelius, Thesis, Stanford University, 1928. 
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Diacetylcyanmnide, (CH 3 CO) 2 =N-CN, is an acetic anliydride-an- 
ammonide acetic-carbonic anammonide. 

Benzoylazide, This compound is a derivative of 

ammono nitric acid in the same sense that benzoyl nitrate, CgHgCO- 
O-NOg, is a derivative of aquo nitric acid. Benzoyl nitrate is ben- 
zoic nitric anhydride. Benzoylazide is analogously at the same time 
a benzoic anhydride-anammonide and a benzoic nitric anammonide. 

Benzenesiilfonazide, C6H5S02-N=NElsr, is simultaneously a benzene- 
sulfonic anhydride-anammonide and a benzenesulfonic nitric acid 
anammonide. 

BenzemsuljonyldichloramidGy C6H3S02N= ^OU. This compound is 
formulated as a benzenesulfonic anhydride-anammonide hypochlor- 
ous anammonide. 



€HJiPrER XXIII. 
acid CBLORIDEW. 

In tie middle column ofGlableS .are ffivcii fonuulnH for ii munl.or 
of nonmetallic clilorides. GCo tlie left, in colinmi II will be found 
formulas for the partially liydrolyzed prodiicis of llx' iTHpccI ivu 
acid chlorides. la columa I are formulas for well known acids 
w'hich in general may be obtained by Hie action ol wa(<M- on tlu‘ 
respective chlorides aad oxiychlorides. In columns IV and \ ai'(‘ 
given, in so far as they are tnowu, the analogous coiupouuds wliicli 
might be expected to resnl t from the ammonolyl ic ad ion of am- 
monia on the chlorides foroaiilatcd in colninn III. 

Table 8.—MmnetalUc (UilaridcK* 


I II III TV V 

B(0H)3 BCl, I!(NlI,,t, 

[OC(OH),] OCCI 2 CCl, NKM'I Nd'N’II, 

‘ N.i'jNlld, 

N„<1, ,((’!), .Nil, 

N,,(V’I(N1IJ, 

Si0,,.xH,O OiSiCls), Ki<’l,, SiiN'II.i, 

lIXSiiNllj, 

N Si Nil., 

IIX(SiN), 

TiOo.xHjO HOTiCla Ti <’1., N Ti (d 'I'iiXll .i, 

X d'i XII, 

OSn(OH)2 OS11CI3 SiiCfi I X Su Xll,| 

O 2 NOH O 2 XCI [NKII,] [IINNCII I II X X XI 1,1 

op(OH )3 orcij i’(di 5 Ni'(;i., xnxii,i, 

X I’ xii 

p(OH )3 orci I'cd, ji.,NP('i., iixpxii.. 

ClOH (!|-ci ('1X11, 


<'|,,XII 

CoH^COOH C0H3COCI CoIlsOCla ('.,,II,V| Nil.,)- <’„I1„,('( XII ) Nil., 

(’, 1 , 

o„ii,,(;(Nii)(’i 

‘The bracketed formulas represent compounds knnvvn In llin runn uf derlvnllvcs only. 
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In order to keep this chapter within reasonable bounds we haye 
chosen to confine ourselyes to a discussion of the action of ammonia 
and some of its derivatives on a limited number of acid chlorides, 
amide-chlorides, imide-chlorides and nitride-chlorides omitting all 
reactions involving the oxide-chlorides. 

Boron Trichloride, BCI 3 . According to Joannis^ boron amide is 
formed when boron trichloride is treated with ammonia at — 23°, 
BCI 3 -|- 3 NH 3 — B(NH 2)3 + 3HC1, and that the amide thus formed 
is readily deammonated when warmed, first to boron imide and 
thence at higher temperatures to boron nitride. Neither the amide- 
chloride, B(NIl 2 )Cl 2 , nor the imide-chloride, B(NH)C1, is known. 

Carbon Tetrachloride. Although carbon tetrachloride is very 
resistant; to the action of hydrolyzing and ammonolyzing agents it 
none the less shows in an inconspicuous manner the properties of a 
carhonic acid chloride. 

1 . Good yields of guanidine have been obtained by heating carbon 
tetrachloride with ammonia under pressure at 140°.^ In accordance 
with the eciuation, CCl, + SNHg = HNC(NH 2)2 + 4HC1, a carbonic 
acid chloride is ammonolyzed to an ammono carbonic acid. 

2. N-N'-l)iphenyl-4-aminobenzainidine,^ N-N'-N"-triphenylguani- 
dine^ and symmetrical diphenylurea ® have been prepared by the 
interaction of carhon tetrachloride and aniline. 

The formation of diphenylaminobenzamidine, 

iiGjr.NiB + cci, iLN-cjr/J(NC\5njNncji, + iiici, 

invoIV(‘s a, Kolhe synthesis in that an anunono p-amiiiohenzoate is 
formed a tier (h(‘ ma nner ot* Ihe format ion of pdiydroxyhenzoic acid 
by th(‘ action of ('arl)on tetrachloride on i)henol in the presence of 
alkali. 

Th(‘ formation in small yi(dd of X X'-N"-triphenylguanidine by 
])assiiig a. mix! are of carhon bd rachlorid(‘ and aniline vai)ors over 
hot nadals ^ may 1)(‘ r(‘pr(‘seni(Ml by the e(piation, 

OCI, -I- ;K^.,dl,NlB = tyir.NAUNlI<\dlj2 + 

and inlerpr(ded as involving ihe interaction of a carbonic acid 
ehlorid(‘ and anilim^ to form a tri|)h(m\l ammonoearboiiate. 

Ac(M)rding to llartiing one of the products formed by the inter- 
a.etion ot carbon tetrachloride and aniline is the carbonic acid 

I Joannis, Oonipt, rcml, 138, HOC (1002); 139, 340 (1004_); Stock and Blix, 
34 3043 (1001); Stock and Hollo, Bcr., 41, -OOo (lOOo). 

sStilliler, Her., 47, 909 (1914). 

3 Weith, Her., 12, 101 (1879). 

4 Lob, 7j. Elektroclieyn., 7, 920 (1900-1901). 

15 Ilartuiig, J. Chem. Soc., 113, 163 (1918). 
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aniline and livdrocliloric acid. Phenylisocyanate, whicli is primarily 
formed, is liydrolyzed by the action of aqueous hydrocliloric acid to 
aniline and carbon dioxide. Aniline is known to react with pbenyl- 
isocyanate to form symmetrical diphenylurea. The reactions con- 
cerned may be summarized by means of the equations, 

C„H,XCC1., — ^ C„H,CXO C„H,NH2 

“ ~ 21101 -00a 

C,H,CXO + == 

3. Plienylisocyanidedichloride reacts energetically with aniline 
to form N-N'-N"-triphenvlguanidine, which is a triphenyl ammono- 
carbonate, CJI.NCCL + 2C,11,NE, = C,H,N=C(NHCcHJo + 2HCL 

4. Phenylisocyanidedichloride is acted upon by one or two mole- 
cules of sodium ethylate as represented by the equation, 


CsH.XCC l, G,H„NC ( G 1 ) 0 (XH, ( OC Jlr, 


-N:iCI 


— NaOl 


to form respectively an O-ethyl-N-phenyl carbonic acid chloride and 
an 0-0'~diethyl-]S'-phenyl aquo-ammono-carbonatei^ 


Cyanuric Chloride. 


This compound, OIC 


N=C(01) 

/ \ 


\ 


/ 


N, is a tri- 


N-C(Cl) 

chloride of a cyclic tricarbonic acid. It is formed by the polymeri- 
zation of cyanogen chloride and also by the action of xihosphorus 
pentachloride on cyanuric acid. 

Cyanuric chloride is hydrolyzed by the action of water to cyanuric 
acid, NvOy<Jl.. ;JH,0 ~ X.,(Jy( OH ) .. -f- 31101, and is ammonolyzed 
by the action of ammonia to the cyclic ammoiio carbonic aidd known 
as melamine, A^C.Cls + + 3IIC1. It reacts 

with sodium ethylate to form triethylcyanurate, 


+ 3CJIJJXa zz: N,C,(0C,H-)3 + 3Na01, 


with methylamine to form triiiietliylmelaniine, 


+ 3 CH 3 XH, zz: X 3 C 3 (XHCH 3)3 + 3IIC1, 
and with dimetliylamine to form hexainethylmelamiiie, 

+ OfCH. l.XH zz: X 3 C 3 [X(CH 3 ) 2]3 4- 3HC1. 

Hantzseh and Mai, 
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The last two of these compotiiids are cyclic ammono carbonic acid 
esters formed by the action of ammono alcohols on a cyclic carbonic 
acid nitride-chloride. 

Two cyclic tricarbonic acid amide-chlorides of the respective for- 
¥=C(C1) 1^=0 (NH.) 

/ \ / \ 
miilas, H.,N-0 N, and HoN-C N, occupying 


N-C(Cl) N-C(Cl) 

positions between cyaniiric acid chloride and melamine have been 
obtained by the action of ammonia on cyanuric acid chloride. It 
is interesting to observe that these compounds, in which the amide 
groups and the chlorine atoms are not attached to the same car- 
bonic acid carbon atom, are stable as contrasted with the acid 
amide-chlorides and imide-chlorides discussed later. 

Silicon Tetrachloride, SiCl 4 , Titanium Tetrachloride, TiCl^, 
Stannic Chloride, SnCl^. The ammonolytic behavior of these acid 
chlorides has already been discussed. [Of. Chapter XIII.) 

Nitrous Acid Chlorides. Xeither a nitrous acid amide-chloiude, 
HoX- *X: ::Clo, nor an imide-cliloride, NH- :N* -Cl, is known. Nitrogen 
trichloride (triclilorine nitride) is the anammonide of hypochloroiis 
acid, NE:C1;., rather than a nitrous acid chloride, N:zCl, though oc- 
casionally it enters into reactions which may reasonably be inter- 
preted on the assumption that under some conditions it acts as a ni- 
trous acid chloride. (Of. Chapter XI p. 145.) It is interesting to 
compare this behavior of nitrogen trichloride in acting either as an 
hypochloroiis anammonide or a nitrous acid chloride with mono- 
chloramine and nitrosyl chlorid(‘ which apparently always act re- 
spectively as an ammono hypochloroiis acid, Nllo- d'd, and a nitrous 
oxide-chloride, 0=*X-C1, and never as containing, the one, hydro- 
chloric acid chlorine, the other, hypochloroiis acid chlorine. 

Phosphoric Nitride-Chloride, NCfL. This analog of phos- 
])horic oxide-chloride, unknown in the monomoleciilar slate, has 
been prepared in no less than live polymeric t'orms.^''* Tla^ trimo- 
l(‘cubir compound is formed by the aidion of ammonia on phos- 
])horus pentarhloride, PCI, + NH, — XiHJU + dIKd. Under the a(!- 
tion of watm* it is hydrolyzed by way of certain mixed aiiiio-ammoiio 
phos[)horic acids tinally to ortho phosphoric acid, ammonia and 
hydrochloric acid, NPOI. -f 411,0 = OP (Oil), + Nil, + 2I1UL liy 
the action of liipiid ammonia it is aminoiiolyzed to an ammono 
phosphoric acid, NPCU + 2NIT, =: XP( NIU) ^ -f 21101. It has 
been observed to react with phenol and with aniline in accordance 


i-iStokos, An). (*fi(‘))i. fJ.. 17, -77) (IS!);")); 19, TS2 {1897); ScluMick and Kihiu'r, 
57, 1343 (1924). 

Besson and Kosset, Compt. rend., 145, 1149 (1908). 
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with the equations, NPCl, + 2CaH50H = NP(OC„Il5)2 + 2 nCl i 
NPCl, + 205H.,NH2 = NP (NHOeHJ , + 2 H 01 ” forming in the ^ 
case an O-O'-diphenyl ester of an aquo-ammono phosphoric acid 
the other an N-N'-diphenyl ester of an ammono phosphoric acid. 

Phosphorous Amide-Chloride, H^NPOl,, and Phosphor 
Imide-Chloride, HNPCL While neither the amide-chloride nor 
imide-chloride is known in the free state it happens that a num 
of esters of each has been prepared, for example, compounds rei 
sented by the formulas, C3H5HNPCI2, (C^HJaNPCl^, (OHJ ( 0 „T 
NPCL and CeHjNPCl.^'* These mixed ester-chlorides are formed 
the action of the amines on phosphorus trichloride and are hy( 
lyzed by the action of water to aquo phosphorous acid, hydrochi' 
acid and the respective amines. 

The phosphorous acid ester-chloride, CuH^N^P-Cl, called p 
phazobenzenechloride by Michaelis and Schroeter, has been olisei 
to act as an acid chloride with phenol, with sodium phenolate 
with aniline as represented by the equations, 


C„H,NPC1 -1- 3C,H,OH = (C,E,0),P -f CJL.NU, + E('l 
C0H5NPCI + C^H^ONa = C^H.lirPOO,,!!,, + NaCI 
CeH^NPCl -f = CeH,NPNIIC„H, + IK 'I 


to form respectively a triphenyl aquopliosphite, an () N di|)li( 
aquo-ammono-phosphite and an N-N'-diplienyl ajiinionophosid 
Phosphazobenzenechloride and the latter two estei’s ar(> knowi 
their dimeric forms. 

Chlorine may be regarded, potentially at any ra((q as a. Ii; 
chlorous acid chloride, Cl- -Cl. It reacts with poiassinin liydi'oj 
to form potassium chloride and potassium ]iyi)()cliloril(‘, and is ] 
tially hydrolyzed by the action of water inio Iiypocliloi-ons acid 
hydrochloric acid, CL + ILO = HO- Cl + IK'i.'-'’ 

Carbylic Acid Chlorides, Chloroform, IICCI,,. Althoiioh 
acid chloride properties of chloroform are inconsi)icm)iis il is 11 
the less true that its behavior toward water, alcoliol, ammonia 
aniline is distinctly that of a formic acid chloride. 

At laboratory temperature it reacts with alcolmli,- sodium 

droxide to form triethyl orthoformale whicli is In say dial 

aquoformate is formed by the interaction of a. formic acid clilo 
and sodium ethylate, HCCL -f 3 C,,H/)Na = 110 ( 00 , 1 1 . 1 .| ;!| 
Chloroform reacts with aqueous potassium liydro.xide (o form 


1 ;; Hofmann, Ber.. 17, IflOO (1SS4) ; Sulieiiek and Hn- 57 larj , m 

aT-’ Miidnudis.'.lnn. fViri,' 

^ ^ 1 ^ ’ Mifhaelis and Luxembourg, Ber., 29 711 (lS‘)(n 

33, 380 (1!)03); JakoViii, phij,}/, 

613 (1899) ; Bray, J. Am. Ghem, Soc., 32, 932 (1910). 


AGID CHLORIDES 207 

(aHsiiun iormate, carbon monoxide and potassiniu chloride and with 
sodium amide to Jorm sodium cyanide, sodium chloride and am- 
monia. In the one case the formic acid chloride is hydrolyzed to 
aquo formic acid, HOOI 3 + aH^O HCOOH + 3HC1,^^^ in the other 
it is ammonolyzed to hydrocyanic acid which is to be looked upon 
either as formic anammonide or as an ammono carbonous acid, 
HOOI 3 + 3 Nn 3 = HCN HNC + 3HC1. 

According to Kraus potassium amide in liquid ammonia solu- 
tion acts on chloroform to form potassium cyanide, potassium chlo- 
ride and ammonia, 


4CHCI3 + 4KNH2 KNC -f 3KC1 + 3NH3. 

When chloroform is heated with aniline in a closed tube N-K'- 
diphenylformamidine is formed, and when warmed with aniline and 
alcoholic potassium hydroxide diphenylformamidine and phenyliso- 
cyanide are formed. By the interaction of chloroform, aniline and 
sodium amide in the presence of benzene phenylisocyanide is ob- 
tained. 

The formation of diplienylformamidine takes place as represented 
by the e(piation, 


CHCI3 + 2CJ-I3NH2 = HC(NC,HJNHCeH5 -f 3HC1, 

in accordance with which a diphenyl ammonoformate is formed by 
the action of a formic acid chloride on aniline. Weith having ob- 
s(U'ved that dii)henylformamidine at its boiling point decomposes 
slowly into plienyl isocyanide and aniline it is reasonable to assume 
that dii)henyirormamidine is a tautomeric compound, which, acting 
as a dij)henyl ammonocarbonite, loses aniline to form phenyl am- 
mouocarbonile, 

H0(N(Vir5)NliC,H5->0(NllC,H,^ + C,I1,N1K. 

hl-l-TrichlorethanG, GII.CCL, l-l-l-Triohlo)' propane, CHyCHo- 
(Kh.j, l-l~JrTrichlor-2~m^^^ (CTl.lJTlJ .'Cl.,, and He,vn- 

ehloredhane, CthyC/Cly. In a sluggish manner these eompouiuls, in 
theii* behavior toward potassium hydroxide, show the pro[)ertios re- 
spcM'lively of an acetic acid chloride, a propionic acid chloride, an 
is()butyi*ic acid chloride and an oxalic acid chloride. Nothing is 
known of their behavior toward ammonia or potassium amide. 

i7cT1ic 3 carbon monoxide formed at tlie same time may be said to be the an- 
hydride of an hypothetical Ciirbonous acid. 

18 Private conununication. 

10 Weith, Ber., 9, 456 (1876). 
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Benzotrichloride, CeHsCCla- This benzoic acid chloride is hydro- 
lyzed by the action of water to aquo benzoic acid and hydrochloric 
acid. It is simultaneously hydrolyzed and ammonolyzed by the 
action of aqua ammonia to aquo benzoic acid, aquo-ammono benzoic 
acid (benzamide) and benzoic anammonide (benzonitrile). Liquid 
ammonia ammonolyzes it quantitatively to a mixture of monomolec- 
ular and trimolecular benzonitrile, 

(C,H,CN)3.=“ 

It reacts with aniline, 


CoH.CCla + 20eH,NH, = OeH,C(NCeH,)NHCJI, 


to form a diphenyl ammonobenzoate. Whether or not a hexa-alkyl 
or a hexa-aryl ammonobenzoate, CcHj;C(NR 2 ) 3 ? caay be obtained by 
the action of secondary amines on the acid chloride is unknown. 

Carbylic Acid Amide-Chlorides, RO(NH 2 )Clo, and Imide- 
Chlorides, RC(NH)C1. These compounds, which in general decom- 
pose with the greatest ease into nitriles and hydrochloric acid, are 
formed by the action of hydrochloric acid on the nitriles and are 
to be looked upon as acid chlorides though they are not, accurately 
speaking, nitrogen analogs of the familiar carboxylic acid chorides. 
They are more closely related to the unknown hydroxide-chlorides, 
RC(OH)Cl 2 and RC(OH) 2 Cl."^ 

Formic Acid Imide-Chloride, HC(NH)C1, Hydrocyanic Acid 
Sesquichloride, HN=CH-NH-CHClo.HCl, and Propionic Acid 
Imide-Chloride, CM,C (NH) Cl.-- 

It will suffice present purposes to say of these coniponiids that 
they show the properties of acid chlorides. 

Benzoic Acid Amide-Chloride, C^H^C (NIL) CL, and Benzoic 
Acid Imide-Chloride, CcH,C(Nn)CL According 1o Wallach 
these two compounds are formed as intermediate ])r()diu‘ts when 
benzamide, under the action of i)hosi)horus pentachloride, is con- 
verted into benzonitrile. 


C ACONH. C,H,C (NILO Cl.. . C Nil) Cl ^ 

-POri, --rici ^ ^ > _n('i 

C,1L0N. 

20 Niemann, Thesis, Stanford University, 1925. 

21 Chlorhydrines of certain inorganic acids nro known. For (‘xainph', cliloro 
sulfuric acid, CISO.OH, is at the same time an aquo sulfuric acid a,ud a sulfuri(! 
acid chloride. The compound, ClCrO.OK, is simultaneously a, i)otassiuiu salt and 
a chloride of chromic acid. 

22Gattermann and Schnitzspahn, Bcr., 31, 1770 (18<)9); Micluud and VVifk^ 
Am. Chem. J., 7, 72 (1885-1886). 

23Wallach, Ann. Chem., 184, 19 (1877). 
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Both acid chlorides are very unstable, the first indeed luis appar- 
ently never been isolated. 

By the action of phosphorus pentacliloride on benzanilide a phenyl 
deiivative ol benzoic acid amide-chloride is formed as represented 
by the eciuation, 

CcH.CONHCcH, + PCI5 1=: CcHsCCClJNHCeH, + POClg.^^ 

This compound readily loses hydrochloric acid thereby passing 
over into the ester-chloride, which containing no 

labile hydrogen, is a stable compound. 

Many observations are on record which show the acid chloride 
properties of phenylbenzimidechloride. It is ammonolyzed by the 
action ot a(pia aminonia to phenylbenzamidine, 

0JI,C(C1)NC,H5 + NH3 =: C,H3C(NH,)NCeH, + HCl.^^ 

It reacts with aniline to form an N-N'-dipheiiyl ammonobenzoate, 

0«II,C(Cl)N0jr3 + = C,H,C(NHCJI,)NCeH5 + HCl, 

and with hydroxylamine to form benzanilide oxime, 

0,11,0 ( 01 )N(yr, -f ILN: OH = (^,n,(J(NH: OH)NCeH, + IICl,-® 

a, compound whi(‘h is a( the same time a benzoic acid oxime and a 
phenj’l ammonobenzoate. It reacts with sodium azide, 

(Vn,<U<d)N(^,.ir, + Na,N-.N:N = t\H,0(]S[-NzN)N0,n, + Na(d, 

lo form a benzoic acid ester-azide which isomerizes immediately to 
I f) diplumyllelrazole,-' and with diethylamine, 

(yr,(.^((d)No,ir, + (Odi,),Nn ^ (VPo[N(Oji,'),iN(\di, -4- iki, 

to form a diethyl ])henyl ammonobenzoate. 

P>(mzoi(' add esUn'-cdilorides of the formnla. 0,;1I,0 ( Ob/) NK., are 
stable compounds which show conspicuously the proi)erties of acid 
chlorides. For example, N-N-dimethylbenzamidine chloridi^ i*eacts 
(m(n'geli(‘ally with water to yield diimd hylbenzanbuhs 

2‘i Walliich and Hofrmaiin, Ann. Chon., 184, 70 (1877). 

25 V. Pe(dimanii, Her., 30, 1782 (1807). 

2r>L(‘y, Her., 31, 240 (1898). 

27 Sciiroeter, Bcr., 42, 3360 (1909). 
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CeH,C(Cl„)N(CHJ, + H,0 = G„H,C0N(CH3)„ + 2H01,=« 

and with aniline in accordance with the equation, 

CoH,C ( CL ) N ( CH 3 ) , + = C„H,C ( NCfitl, ) N ( OH,, ) 2 + 2HCI , 

to form N-N-dimethjl-N'-phenylbenzamidine-° which is a dimethyl 
phenyl ester of an ammono benzoic acid. 

28 Hallmann, Ber,, 9, 846 (1876). 

29 V. Braun, Ben, 37, 2680 (1904). 



CHAPTER XXiy. 


HYDROGEN PEROXIDE, HYDRAZINE AND 
HYDROXYLAMINE. 

The attention of eliemists has from time to time been called to 
certain striking resemblances shown by liydrogen peroxide, hydra- 
zine and hydroxylamine in respect to their physical and chemic-al 
properties.^ 

Hydrazine is formally a nitrogen analog of hydrogen peroxide 
and as such may be looked upon, so to speak, as a hydrogen peroxide 
of the nitrogen system while hydroxylamine is a similar compound 
derived simultaneously from water and ammonia. 

Some Properties o£ Hydrogen Peroxide, Hydrazine and Hy- 
droxylamine. Hydrogen peroxide and hydrazine are liquids at or- 
dinary temperatures. Hydroxylamine melts at All three 

conq)()unds show to a ('onspicuous degree the phenomenon of super- 
fusion. fc^^odiiim chloride, sodium nitrate and cane sugar have been 
found to be abundantly soluble in hydrogen peroxide,- hydrazine 
dissolves many salts, forming solutions which are conductors of 
(‘lectricity,'* and fused hydroxylamine is a good solvent for salts.-^ 
All three compounds are miscible with water. Hydrazine and hy- 
droxylamiiu^ absorb ammonia gas with considerable avidity and are 
abundantly soluhl(‘ in li(pud ammonia. The solubility of hydrogen 
piU'oxide ill liquid ammonia has not been investigated. Howevcu* the 
ivady soluhilily of ammonia gas in hydrogen ])eroxide suggests the 
probability that liipiid ammonia and hydrogen piu'oxide will be 
found to b(^ mis<‘ibl(‘. A hydrogen ])eroxide hydrate, H,(),.H.(), and 
two hvdrales of hydrazine, lDN:NIh.lI,() and 1I,X : N1L.1>H,0, are 
known.''^ No hydrate of hydroxylamine ai)pears to lie on record. 
Of IIk^ ihr(H* compounds hydrogen peroxide* only is known to lorm 
n. compound wilh ammonia. According to Friedrichs,'"^ hydrazine 
do(‘S iiol form an aminonate. Hydrogen })eroxide and hydrox\l- 
nmim* are explosive. Hydrazine decomi)oses epiietly at 1em])era- 

1 u. W'UKIH’IX Zrnlr., 1899, 244; Aiv^oVi, ^ 

04 (1010) • Stic'glitz iiiid Senior, »/. Atn. (lirm. aSVjc., 38, (O' 

Mails and Hatclicr, ,1. Am. Vhem Hoc 44, 2472 (li)2:2 ). 

Wolsli and Hroderson, ./. -4m. Ghent. Hoc., 37, Mh (li'la). 

4 I ohrv do Bruvn, Aec. trav. chim.., 11, 40 (1011). . , . 

■taTlum'orniuhx b)r hydrazine, H,N :NH, has been adopted for use in this mono- 

grapln lo, 021 ,1023) 
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tures around 350°. All three compounds fo]*m (l(‘rivativ(‘s 

and unite with salts as solvates of CTystallizaiion. Many hydrazim* 
and hydroxylamine derivatives of the ah'ohols, ald(‘hy(I(‘s, k<d()n(\s 
and carbylic acids are known. Relatively inw aiialo^-ous (hnavalivcvs 
of hydrogen peroxide have been preparcsl. 

Decomposition of Hydrogen Peroxide, Hydrazine and Hydrox- 
ylamine. All three compounds in water solution in tln^ i)r(\s(‘nee 
of platinum black and other catalyzing agnnts undtn'go rapid d(u 
composition; the first to water and oxygcm, tlu^ sc^cond to ainnionia 
and nitrogen together with more or less hydi’ogcni, llu^ third to 
ammonia, water, nitrogen, nitrous oxides and, (\sp<M*ially wlnni d(v 
composition takes place in the presenci^ of alkalis, liniitnd amounts 
of nitrous acid.® 

It is reasonable to speculate to the (‘tied that, tin* jnanniry d(^ 
composition of these respective coiHj)onn(Is tak(‘s phna* in accord- 
ance with the equations, 

HO : OH = H,( ) + < ) 

H,,N:NH2 = Nn, + Nil 
ILN.-OH^IRO + NH 

and that the imide groups ap})eariug in th(‘ s(‘cond and third (‘(pia- 
tions interact with each other to form an amniono nitrons acid, 

3Nri=:rLN 

(cf. Chapter XIX) whidi in wat(‘r solution nnd(‘rgo(‘s hydrolysis 
to an aquo-ammono nitrous acid, () cN- Nil.., or to aipio nitrous 
acid, 0- +X -OH. The fii'sl: ol. tJi(‘S(* hypotlud ical (‘omponnds would 
be expected to break down r(‘adily to nitrogen and ammonia, 

H.N-'N-NH ™ N,, -|- Nil.,, 

the second to nitrogen and wal(‘r, 

ILN- •X: -() rn N, I ICO, 

the third is known to yield ni(n)}.-eii mid wnlei- when he,- in 

a{nieoii.s anniumiii solution. 

Hydrogen Peroxide, Hydrazine and Hydroxylamine as Aug- 
menting Agents. All three coinpoiinds act liolli as aiignienling 
and reducing agents; liydrogen leroxide eoiisiiicnonsly in IkiIIi ca- 
pacities, hydrazine and hydroxy lam iiu' general I v as powerl'iil re 

dneiug agents and only now and (ium as |'e,-,s. 

Hydrogen Pei'OTHlc. Some of (he many l■(>a^•l inns inlo which liy- 
6 Hofmann and Kroll, Bar., 57, 044 ( i|)‘24). 
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drogen peroxide enters as an oxidizing agent or as a reducing agent 
or simultaneously in botk capacities are as follows. It oxidizes am- 
monia to nitrous acid and thence to nitric acid, hydrogen sulfide to 
sullur, sulfur dioxide and sulfuric acid, potassium cyanide to po- 
tassium cyanate. It reduces the free halogens, hypochlorites and 
other oxygenated halogen acids, the oxides of many of the heavy 
metals, Ihdiling’s solution and the permanganates and chromates. 
In neutral or acid solution ferrous salts are oxidized; while sus- 
pended ill alkaline solution ferric hydroxide is reduced to ferrous 
liydroxide. It iirecipitates lead dioxide from an alkaline solution 
of divalent lead. On the other hand, in its presence lead dioxide 
goes into solution in dilute nitric acid to form divalent lead nitrate. 
Sus|)ended in alkaline solution manganous hydroxide is oxidized to 
manganese dioxide which inversely, in the presence of dilute acid 
and hydrogmi i)eroxide, goes into solution as a manganous salt. 
Under the action of hydrogen peroxide yellow phosphorus is simul- 
taneously oxidized to phosphorous and phosphoric acids and reduced 
to phosphine. 

Hydrogen {xu'oxide oxygen acts as an oxidizing agent when tri- 
phenylniethylhydroperoxide undergoes a I>eckmann-like rearrange- 
ment to form benzophenone and phenoU^ The rearrangement takes 
place in accordance with the scheme, 

((\,ir,),(Kvr, ((yr,),(M)n 

I I = (C.HJ.CO + C.H.OH, 

0:011 0-(VJI, 

in a.(‘cordauc(‘- with whidi a tertiary alcohol group undergoes aug- 
lumitarion to a kcfoiui group while at th(‘ same time hydrogcui perox- 
ide* oxygen is r(‘(iu(‘(‘(l (o water ()xyg(*n. 

////dru.r/ac. Lila* liydrogc*!! ])(*roxide hy<lrazine acts both as an 
augm(*ii( iiig ageni and a r(*dueiug agent, surpassing hydrogen per- 
()xid(* in (Ik* la(l(*r capacity and lagging far behind in respect to the 
forni(‘r. Only a, (M)m])ara( iv(‘ly few examples of the action of hydra- 
ziiH* and its d(*rivalives as aiignu*uting agents have been obs(*rved 
among which are (lu* following. 

OxaLu' add is fornu‘d, as i'(*j)r(‘sented by the e(piation, 

1 1 ( ) ( H X d 1 ( ( )1 1 ) , -f 1 UN : N1 U =: 1 lO < TH d )-( )1 1 + 2N11„ 

when a, water solution containing glyoxylic acid and hydrazine to- 
g(*th(*r with a small amount of sulfuric acid is boiled for a time. 
The ald(*hyde grouj) is augmented to a carboxyl grou[) while hydra- 
zine is i*(*duced to aininoiiia. Under similar conditions a solution 
containing formaldehyde and hydrazine yields cai'bon dioxide and 
7 Wielarid and Maier, Bcr., 64, 1205 (1931); Franklin, Chem. Uevs. (1934). 
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ammonia.® Formaldehyde is oxidiml lo carbonic acid and hydi-a. 

zine is reduced to ammonia. i , , . 

When hydrazine sulfate and sodium lorniaic arc heated tof-etlier 
in the dry state or when the two salts in wat(‘r solulion are lunited 
in a closed tube carbon dioxide and ammonia are fornKMl, 

HCOOH + H,N: NIL = CO, + 2Nn,J' 

The semidine rearrangement, 

OeH.NH : NHCoH, ILN ( 1,1 IfNl K ^,11,, 

and the benzidene rearrangement, 

OeH^NHiNHC^H, TToN ( NIL, 

must be said to involve the augmenting action of by<lrazin<‘ nitro- 
gen. 

Perhaps the most familiar examples of the aelion ol hydrazines 
as augmenting agents are those conecnanMl in (li(‘ lormation of 
osazones by the action of plieiiylbydraziin^ on Ihe al(los(‘s and 
ketoses. When glucose, for example, is converhMl into plumylgiu- 
cosazone by the action of an excess of j)h(‘iiylhy<Irazin(‘ llir(‘(‘ suc- 
cessive reactions take place the second of which, i*(‘pr(‘S(‘iil(‘d hy 
the equation, 

CH,0H(CH0H)3CH0H-C1LN:NII(\,II, | 0,11 .Nil : Nil, 
CH.OH ( OHOH ) ,C0-( "I l-N : N 1 1 ( 1 1 , ^ | 0, 1 1 . N 1 1 , | N II,,, 

involves the augmentation of a s(‘(*ondary alcohol group (o a k(‘loii(‘ 
group and the simnltaneoiis laMlnciioii of [ilKUiylhydraziiK^ lo jinirm(‘ 
and ammonia. 

When symmetrical hisdriphenylimd Iiylhydrazim* is IkuiUmI willi 
zinc chloride benzopIienoiuqdumyliniiiK* and I iMpluMiyl mid hy lamiii(‘ 
are formed.^^ 

(CeH,)3C-NH:NHC(C,H,)3-^ ((yi,),(M NII(\,IIb) NIIO( (\JI,), - 
( C0H3 ) oC=NC,H, + ( (1, 1 1 ^ N 1 1 

One of the tertiary alcohol gron])s in his-l rijilnuiylimd hylliy<lrazin(‘ 
is augmented to a ketone group, hydrazim* nili'og<‘n al lln^ same 
time undergoing reduction to ammonia, nilr()g(m. Th(‘ ladom* ac(*lal 
formed decomposes to yield the ke(,on(‘-al(‘ohol and a l(‘i'liary am- 
mono alcohol. 

8 Curtius, Darapsky and Muller, Bcr., 39, ,34 111 (11)1(1). 

9 Unpublished observations. ’ 

9a-Stieglitz and Brown, J. Am. Ghcm. Boo., 44, 1274 ( U)22). 
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]fydroa>ylaminc. Like hydrogen peroxide and hydrazine hydrox- 
ylaniine acts both as an augmenting agent and as a reducing agent. 
It is not necessary liere to consider examples of the long list of re- 
actions into wliich hydroxylamine enters as a reducing agent. In 
this respect it follows, in a general way, the behavior of hydrogen 
peroxide and hydrazine. One is tempted to generalize to the effect 
that it excels hydrogen peroxide but does not equal hydrazine as a 
K^diicing agent and that it stands between these two compounds in 
respect to its ellu'ax'y as an augmenting agent. Since however liy- 
droxylainine is wot usually thought of as an augmenting agent it 
becomes desirable to recall some of the cases in which it so acts. 

According lo Rillz^“ tlie earliest observations on the augmenting 
ad ion of hydroxylamine are due to E. von Meyer who said that 
hydroxylamine acts essentially as an oxidizing agent in converting 
authranol, into anthra(piinone, and to Nietzki 

and Benckiser,’^ who found tliat a pentoxime of leuconic acid is 
formed by tlie adion of hydroxylamine on croconic acid. Two of 
the seven molecules of hydroxylamine entering into the reaction as 
rei)resented by the e(|uation, 

OC-CIIOH 

\ 

CO 4- 7H„N ; OH = 

/ 

oociTon 


iro: N <: (HN:OH) 

<:-N:OlI + 7H,0 + 2Nir, 

/ 

HO: N <' C(N;On) 

bi-iiif; iihoiil, ( lie deli ydroj-viiiit ion of I lie iwo secondary alcoliol car- 
bon aloins lo l•:(“(on(^ carbon atoms. 

Hilly, slio\v(!d llial tin' i-eacUons rei>res(>nled by the scheme, 


C„n,,C OH 


> I 

(’,,H,(UK)n 

(0„IIo),C-OCJI,, 

C„H,C::0 


+ II.XOII 
-11,0 -.Ml,, 


10 liiltz, Her., 29, 20S0 (181)0). 

11 Ji]. von Meyer, J. prakt. Chan., [21 29, 497 

12 Nietzki mid Benekiser, Her., 19, 303 (1886). 


(1884). 
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tate Blace when an alcoholic solution of triphenylvinyl alcohol anc 
hTdroxylamine hydrochloride is heated and said that the part takei 
by the hydroxylamine is that of an oxidizing agent 

Piecing* has shown that by the action ot hydroxylamine the ses 
ouioxides of yanadium, titanium and molybdenum are oxidized t( 
the respectiye dioxides, Tanatar,^^ that sulfur dioxide in water solu 
tion is oxidized to sulfuric acid, Haber,^^ that ferrous hydroxid, 
suspended in an alkaline solution is oxidized to ferric hydroxide 
Kiellin^® that stannous tin in alkali solution is oxidized to stanni 
tin Gutmann,^^ that sodium arsenite in sodium hydroxide solutioi 
is oxidized to sodium ar-senate and Hofmann and Kroll that hydri 
odic acid and metallic copper are oxidized by the action of aqneou 
hydroxylamine hydrochloride, the former to Cree iodine, the latte 
to cuprous copper which was isolated as cuprous chlorid(‘. 

In a yery interesting paper Hofmann, Hartmann and Kroll hav 
shown that hydroxylamine, hydrazine and their derivatives functio 
as augmenting agents when by their action on aniline, the napl 
thylamines and other aiylamines induline dyes are lornied. 

Further interesting examples of reactions in ivhich hydroxylan 
ine acts as an augmenting agent are the rearrangements of eertai 
alkylhydroxylamines to form aldehydes, N-e(hylhydroxylamiii 
when heated with dilute hydrochloric acid yields acelaldeh.yde an 
ammonia, 


CH3CH2NH:0H- 






Undergoing a Beckmaim-like rearnuigenieni N et hylliydroxylainii 
yields aldehyde ammonia which l)re{iks down io form accdaldohyc 
and ammonia. 

In a similar niaimer wlien N triidHMiylimd hylhydroxylamiiio i 
ether solution is treated witli phosphorus p(m(a.chlorid(‘ benz 
phenonephcnyl inline is lornied, 

(C,H3)3CNH: on ^ (CJH,)X:(()H)N 11 (V ,1 Ir, 3,77,1 < '.J 

13 Piccini, Z. anorg. Chem., 11, 111 (IHOtJ); vhihi. ildl., 25, -451, 4 

(1897). 

i^Tanatar, Z. anorg. Cliem., 32, 242 (1890). 

15 Haber, J. prakt. Ghem., [2j 79, 172 (1909). 
leKjellin, Ghem. Zentr., 1922, Ilf, 340. 

17 Gutman n, Ber., 55, 3010 (1922), 

18 Hofmann and Kroll, Ber.. 57, 944 (1924). 

19 Hofmann, Hartmann and Kroll, Bar., 57, 945 (1924). 
soKjellin, Ber., 30, 1895 (1897). 

21 Stieglitz and Leech, J. Am. Ghent. Boc., 36, 289 ( 1914) . 


CHAPTER XXV. 
AMMONO ALCOHOLS. 


The established existence of a system of bases, acids and salts, 
in which nitrogen functions as the central element, just as oxygen 
is the element around which has been built up the familiar oxygen 
or Lavoisiaii system, leads directly to the question as to whether 
among the organic compounds of nitrogen one may find the analogs 
of such distinctive oxygen compounds as the ordinary alcohols, 
ethers, esters, aldehydes, ketones and carboxylic acids. The answer 
to this question is that such compounds are known in large num- 
bers and that moreover their properties are such as to leave no 
doubt coucerning the close analogies between the respective oxygen 
and nitrogen compounds. 

The compounds which may be expected to show the properties of 
the alcohols, aldehydes, ketones and acids of a nitrogen or ammonia 
system may perhaps best be brought under review by giving first 
a table such as is frequently made use of for showing the relations 
between the alcohols and their oxidation products and then devel- 
oping a similar tal)le containing the alcohols of the nitrogen system 
and what may b(‘ analogously called their nitridation products. 
Following a brief explanatory discussion of the tables, we shall 
proceed to show in soiiu* detail that the formal relations thus indi- 
cated in tb(‘ table ar(‘ in harmony with experimental facts. 

Aquo Alcohols and Their Oxidation Products. It is assumed 
that each oxidation stcq) rei)resented in Table is brought about by 
the intrusion of an oxygmi atom into a position hidwinm a carbon 
atom and a hydrogim atom and that the di-, tri-, and tetra-hydroxy 
comt)()unds thus foruuMl lose wat(‘r to form the res[)ectivc dehydra- 
tion products indicated. 


Table 1). — Aquo Alcohola and Their Oxidation rroducts. 


Alcohols and 
lathers 
(1) CIT3OH 


(2) CILOCI-L 


Ald(‘hydcs and 
Ketones 


Car boxy lie 
Acids 


> (3) CTL(OtT). 

I 

(4) CICO 

(5) (CH,0)3 


.(6) HC(OH):. 

4 


(7) HCOOH 


Ca rl tonic 
Acids 

(^) C(OIIi4 

(9) oc(oni. 

(10) CO. 
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(11) CHaCH^OH >(12) CHaCH(OH), — >(15) CH3C(OH)a 

(13) CHaCHO (16) CHaCOOH 

(14) (CHaCHO)a 

(17) (CH3)^CH0H >(1S) (CHa)3C(OH)2 

(19) (CH3)3C0 


(20) (CH3)3C0H 

(1) 2Iethi/l Alcohol CH 3 OH, (2) Dimethyl Ether, CH3OOH3. In 
a real sense the alcohols and ethers are derivatives of water and 
as such it will be convenient from time to time to refer to them 
respectively as aqiio alcohols and aquo ethers. 

(3) Methylene Glycol CH.(OH),, (4) Methylene Oxide, CH,0. 
The molecule of methylene glycol may be looked upon as consisting 
of two molecules of water in each of which one atom of hydrogen 
is replaced by the divalent methylene group. As is well known, 
however, compounds containing two or more hydroxyl groups in 
combination with the same carbon atom are, in general, incapable 
of existence. Methylene glycol thei-efore loses water and passes 
over into formaldehyde. Alkyl, aryl and acyl derivatives of meth- 
ylene glycol are stable compounds and are known as acetals. Meth- 
ylene glycol is generally legarded as an alcohol rather than an acid. 

( 6 ) Ortho Formic Acid, HC(OH).., is known only in the form of 
its esters. Reactions which might be expected to yield ortho formic 
acid give as a matter of fact ordinary aquo formic acid. 

( 8 ) Ortho Carbonic Acid, C(OH) 4 , represented as the tinal oxi- 
dation product of methyl alcohol, is unknown in the free state. 
Ortho carbonic acid exists in the form of esters, ordinary carbonic 
acid in the form of esters and salts. 

(17) Isopropyl Alcohol (CH^l.CHOH, is a representative sec- 
ondary alcohol. On oxidation it may be assumed to be converted 
into isopropylidene glycol which immediately loses water to form 
acetone, a typical aquo ketone. 

(20) Trirnethyl CarbinoJ, (CH 3 ) 30 H, is a tertiary aquo alcohol. 

Ammono Alcohols and Their Nitridation Products. With the 
relationships between the alcohols, ethers, aldehydes, acids and 
ketones of the oxygen system thus recapitulated we are prepared to 
follow in Table 10 a summary of the analogous compounds of the 
nitrogen system. 

It is assumed that we have a nitridizing agent at our disposal 
wherewith to effect the nitridation reactions indicated and that the 
di-, tri- and tetra-amino compounds thus formed lose ammonia to 
give the respective deammonation products indicated. 


AM2I0X0 ALCOHOLS 
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The formulas in the first column represent ammono alcohols and 
ethers, those in the second ammono aldehydes and related com- 
pounds, those in the third ortho ammono formic acid, ortho ammono 
acetic acid and their deammonation products and finally those in 
the fourth represent ortho ammono carbonic acid and its deammo- 
nation products. 

(1) Metliylamine, CH3NH2, is a nitrogen analog of methyl alcohol 
and as such is to be looked upon as an ammono methyl alcohol. 

(2) Bimethylamine, (CH3)2NH, a dimethyl derivative of am- 
monia in which the nitrogen still remains in combination with a 
hydrogen atom, is also a primary ammono methyl alcohol. It may 
reasonably be called a diprimary ammono metliyl alcohol. 

(3) Trimethylamme, ( 0113)311, the ammonia analog of dimethyl 
ether is an ether of the nitrogen system. 

(4) MethylenecUamine, CHo(NH2)2j like its oxygen analog meth- 
ylene glycol, is unknown. Just as the latter is iisnally assumed to 
be an alcohol rather than an acid, so methylenediamine is an am- 
mono alcohol or an ammono glycol, whose derivatives of the re- 
spective formulas, 

CHo ( NHE ) NH2, CH2 ( NHE) 2, CHo ( NE. ) Nil., (JH. ( NE2 ) NHE, 

CH2(NE2)2 

in which E represents alkyl, aryl or acyl groups, are acetals of the 
nitrogen system. 

(5) Methylene imhie, CHg^NH, is a represeni alive of a, lyjie of 
compounds impossible of existence among the derivatives of water. 
It is an aldehyde by virtue of the presenc(‘ of a double bond hetweeii 
carbon and nitrogen, and, since it coni a ins an iinido group, it is at 
the same time either an alcohol or an exliamu^ly waaik acid. W'c 
shall find it convenient to speak of the alkylidcmeimiiu^s, K(dl NMI, 
as ammono aldehyde-alcohols and of their alkyl and aryl (hu-ivat ives, 
ECH=NE, as ammono aldehyde-ethers. Componiids repres(‘ni(Ml by 
the formulas, ECII=N(OOE) and E(Jil=N(NII(d{ j , an^ ammono ai- 
dehyde-esters. Methyleneimine itself has never b(‘(m ])r(‘j)are(l. 

(G) Methylene Nitride, CHoN-CII.-N^i Ul., contains t wo ainniono 
formaldehyde groups and is to be regarded as a diformaldeliyde- 
acetal. Hydrobenzaniide, (OJl5CII)3N2, which is a tri phenyl deriv- 
ative of methylene nitride is a well-known compound. 

(7) Hexamethylenetetramine, (Cll2),jN^, a dinua' of the unknown 
methylene nitride is, as nearly as the trivalency of nitrogxm permits, 
the nitrogen analog of trioxymethylene. 

(8) Ortho-Ammono Formic Acid, IIC(NIIo)3, is the nitrogen ana- 
log of ortho-aquo formic acid and like the lattei' is unknown. Ke- 
actions which might be expected to yield it give instead the one or 
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the other of its deammonation products, namely, formamidine or 
hydrocyanic acid. 

( 9 ) Formamidme, HC(NH)NH2, is an ammono formic acid. 
Many alkyl and aryl derivatives of formamidine are known which 
are to be looked upon as esters of ammono formic acid. 

( 10 ) Hydrocyanic Acid. The formula, HCN, represents hydro- 
cyanic acid as formic anammonide. Eepresented by the formula, 
ONH, it is an ammono carbonous acid. 

( 11 ) Ortho Ammono Garlonic Acidj €(^£[2)4. This hypothetical 
compound and its deammonation products are the carbonic acids 
of the nitrogen system. [Of. Chapter X.) 

( 16 ) Ethylainine, C2H5XH2, and Bietliylamine, 

nitrogen analogs of ordinary ethyl alcohol, are primary ammono 
alcohols. Triethylamine, (02H5)3X, is the nitrogen analog of ordi- 
nary diethyl ether. 

( 17 ) EthyUdcn^cUaminej CH3CH(NH2)2, is the immediate homo- 
log of ammono meth^dene glycol and like the latter is known in the 
form of certain alkyl, aryl and acyl derivatives. 

(IS) EilnjVnlcncUnine. CHgCH^NH. Like methyleneimine this 
compound is a mixed aldehyde-alcohol. It is known both in the 
monomolecular and trimolecular forms. Aldehyde-ethers repre- 
sented b}^ the formula ECII^NR are known as Schiff bases. 

( 19 ) EthyUdciic ’Nitride, Hydracetaniidej (CH3CH)3N2, formally 
an ammono acetaldehyde-acetal, though registered in Beilstein, is 
probably nonexistent. 

( 20 ) ^OrtUo-Am/mono Acetic Add, CIT3C(NH2)3, is known neither 
in the free state nor in the form of esters. 

( 21 ) A(‘etainidiitc, CH30(NH)N1T2, is the nitrogen analog of or- 
dinary acetic a,(0(l and as such is an ammono acetic acid. Many 
esters and nndallic salts of this and other carbazylic acids have 
been prepared. 

( 22 ) Methyl Cyanide, CIl.CN, whi(‘h is related to acetamidine as 
acetic anhydride is related lo a<iU(> acetic acid, is acetic anammo- 
nide. The isonun'ic methyl iso(*yanid(* is an ammono carbonous 
acid ester. 

( 22 ) ]sa)proi}iil(nnin(\ (( d 1 ..) ..(TINH.., and Di-Coprcpyhnninr, 
(CH.j) -.AlLNll (dr((dr..).2, are s(‘condary ammono alcohols. Kthyl- 
isopropybnnine, (dlddLXdl (dl itdl.,)., is a mixed primary-sec- 
ondary ammono alcoliol. 

( 24 ) d sopropylidenedimninc, (t '113) 2^ ^ (NIL) 3, like isoj)ropylidene 
glycol, is nnknown. 

( 27 )) I ,Hopr()pjfHd(’nei ini}i(\ ( Li l.j) ^C^NIf, is formally a mixed 
ketone-alcohol. Though this particular compound is unknown a 
number of aromatic and mixed aliphatic-aromatic ketiinines have 
been prepared. 
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| 2 G) Tertiarif Butijlamine, (CH3)3CNHo, and DHeriiary Butylam- 
ine, {CH3)3C~XH-0(CH3)3, are tertiary^ ammono alcohols. Ethyl- 
tertiarybutylamine, CH3CH2-NH-C(CH3) 3, is a mixed primai^- 
tertiary alcohol. Isopropyltertiarybutylamine, ( CH3 ) oCH-NH-C- 
(CHgls, is a secondary-tertiary ammono alcohol. 

The Alkylamines. Having pointed out the formal relationship 
which the alkylamines bear to the alcohols and ethers we now pro- 
ceed to determine the extent to which we are justified in regarding 
the alkylamines as alcohols and ethers of the nitrogen system of 
compounds. The nitrogen analogs of the aldehydes and carboxylic 
acids will be discussed in later chapters. 

The Alkylamines as Solvents. As a solvent for salts, acids and 
bases water stands preeminent, while for the hydrocarbons and other 
nonpolar compounds in general its solvent power is poor to practi- 
cally nil. Methyl alcohol on the other hand dissolves a compara- 
tively limited number of salts and for such as are soluble its solvent 
power is much below that of water. Methyl alcohol is, however, an 
excellent solvent for compounds of carbon. Ether dissolves but few 
salts and those in general only sparingly while as a solvent for 
carbon compounds it surpasses methyl alcohol. 

Similar relations with respect to their properties as solvents hold 
for ammonia and the amines. Ammonia is inferior to water as a 
general solvent for salts,- acids and bases but is much superior as 
a solvent for compounds of carbon. Such compounds, for example, 
as benzene and naphthalene are distinctly soluble, whilst aniline, 
and nitrobenzene are miscible, and many other organic compounds 
which are slightly soluble in water, dissolve abundantly in li(piid 
ammonia. 

As a solvent for salts methylamine is inferior to ammonia while 
it and other amines far surpass ammonia as solvents for compounds 
of carbon. Observations on the solubilities of inorganic and or- 
ganic compounds in the alkylamines have been made by Gil)l)s, 
Fitzgerald, Elsey and by Bergstrom, Gilkey and Lund.^ 

Solubility of the Alkylamines in Liquid Ammonia. Another 
respect in which the alkylamines resemble the alcohols and ethers 
has to do with their solubility in liquid ammonia. It will be re- 
called that methyl alcohol, ethyl alcohol, the two propyl alcohols 
and tertiary butyl alcohol are miscible with water in all ju'opor- 
tions while the respective ethers form two phase systems. An in- 


^ is to be observed that the term tertiary as used in naming these biitylam- 
ines has no connection whatever with the same word as here used for describing 
the same amines as alcohols. 

“ Excepting that certain salts, such as the iodides of silver, lead and mercury, 
are extremely soluble in liquid ammonia. 

po! it'"- 26, (190B) ; Fitzgerald, J. Phys. Chon., 16, 

t“ i r j ' h ^'oc., 42, 2080 (1920); Bergstrom, Gilkev and 

Lyxjxd., Ind. Eng. Chem.,2^, M (1932). ■ & 
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speciion of Table 11 will show that a similar situation exists with 
respect to the solubility of the amines in liquid ammonia. Pairs of 
licpiids which mix in all proportions are indicated in the table by 
m, those which form two phases by 2A 


Table 11. — Soluhilities of the Amines in Liquid Ammonia. 


Alcohols and Ethers 
in Water at 

Methyl alcohol 

Dimethyl ether 

Ethyl alcohol 

Diethyl ether 

n-Propyl alcohol 

ii-Propyl ether 

Isoamyl alcohol 

Isoamyl ether 

Hexyl alcohol 

* Two phases at 


Alkylamines in Liquid 
Ammonia at 


20° 


20° 

0° 

-33' 

m 

Methylamine 


m 

m 


Dimethylamine 

.... m 

m 

m 

2 

Trimethylamine 

.... m 

m 

m 

m 

Ethylamine 

.... m 

m 

in 


Diethylamine * 

.... m 

m 

in 

2 

Triethyl amine 

. . . . m 

2 

2 

m 

n-Propylamine 

.... ni 

m 

m 


n-Dipropylamine 

.... in 

2 

2 

2 

n-Tripropylamine 

2 

2 

2 

2 

Isoamylamine * 

.... m 

m 

in 


Diisoamylamine 

2 

2 

2 

2 

Triisoamylamine . . . . 

2 

2 

2 

2 

Hexylamine 

m 


Q 


— so®. 


The Boiling Points of Methylamine, Dimethylamine and Tri- 
methyl&niine. As n geiievitl rule the substitution of the methjl 
gi'oup for hydrogen in the hydrides of the elements of the fourth, 
fifth, sixth and seventh periodic groups yields compounds boiling 
lit much higher temperatures than their respective parent com- 
. pounds as will be seen by an inspection of Table 12. The methyl 
derivatives of hydroHuoric acid and water are consi)icuous excep- 
tions to this rule. 

Table 12. — Boiling Points. 


T 

( 111 , -ir>o° 

CH«ci.r, “9:1 

Clb{cn,)g ”45 

cn(cn,), ”10 

C(CIT,,)4 


r 


NIL 

— 33° 

Cn«NlL 

-6.7 

{CiD^NH 

7.2 

(CH.,):,N 

3.5 

PII, 

-85 

CIT 3 PIU 

— 14 

(CHalgPn 

25 

(CHa)aP 

41 


H,() 100' 

CH,OH 05 

(CID.O ”23 

H,S ”G5 

CTLSII 6 

((.’IL).S 37 


0^ 

HE 10'^ 

('1I,E -78 


IfCH -85 

(’H,(’l -23 


that of hydro- 


The boiling point of methyl fluoride is 97“ below 
fluoric acid and the boiling points of methyl alcohol and dimethyl 
ether are respectively 35° and 123° below the boiling point of water. 
In view of the many close analogies between water and ammonia 


4 Unpublished observations. 
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one miglit expect to find the boiling points of ammonia and its 
methyl derivatiyes falling successively from ammonia to trimetliyl- 
amine. While this expectation is not in accord with the facts^ it is 
none the less true that compared with the large rise in tbe boiling 
points brought about by the substitution of methyl groups in me- 
thancj phosphine, hydrogen sulfide and hydrochloric acid, the ef- 
fects produced by the replacement of one and two hydrogen atoms 
in ammonia are relatively small while the boiling point of dimethyl- 
amine is actually depressed by the introduction of a third methyl 
group to form the ammono ether. 

The Electrical Conductivity o£ Solutions in the Alkylamines. 
Investigations upon the electrical conductance of solutions of salts 
in the alkylamines® have shown that as the ionizing powers of 
water, methyl alcohol and dimethyl ether fall off in the order named 
so methylamine is a poorer ionizing agent than ammonia, dimethyl- 
amine poorer than methylamine while with trimethylamine ionizing 
power has practically disappeared. 

Amines of Crystallization. Water unites with a large variety 
of salts as so-called water of crystallization. The alcohols much 
less frequently form analogous addition compounds while it is only 
occasionally that an ether unites with a salt as ether of crystalli- 
zation. 

Now entirely similar relations exist between ammonia and its 
alkyl derivatives in respect to the readiness with Avhich they form 
addition compounds with salts. Ammonia itself quite e(iuals or 
probably even exceeds water in its capacity to form addition com- 
pounds with salts. Methylamine unites with a large number of 
salts as methylamine of crystallization,*^ while only a few com- 
pounds containing dimethylamiiie and diethylainine of crystalliza- 
tion and a single one containing trimethylamine of cryslallizal ion 
are registered in BeiLstein. It is interesting to note fuiiher lhat 
aniline and other aromatic amines, urea and other acid amides, 
form addition products with a considerable number of salts. 

Formation of the Amines. 1. The reactions involved in the for- 
mation of methylamine, dimethylainine and trimethylamine by tln^ 
interaction of methyl chloride and ammonia, 

CH3CI + NH3 = CH^NII. -f HCl 

CH3CI + CH3NIfr =: (CB,) mi + HCl 

CH3C1 + (CHJ3NH = (cir3)3N + iici, 

5 Kahlenberg and Rulioff, J. Phi/s. Ghem., 7, 254 (1903) ; Shinn, J, Phi/s. Ghvni., 
11, 557 (1907) ; Franklin and Gibbs, J, Am. Ghem. 29 1389 (1907) * Filz- 
geraM, J. Phijs. Ghem., 16, 621 (1912); Elsey, J. Am. (Jhcm. Soc., 42’ 2454 
( 1920 ) . 

42 ^ 2080 1 19‘'^0 J. Am. Ghcm. 80 c., 
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are identical in principle with those which take place when the hy- 
drogen in water is replaced by ethyl groups to form ethyl alcohol 
and diethyl ether. 

2. Methylainine is formed by the action of ammonia on methyl 
niti'ate and on dimethyl sulfate. The two esters are ammonolyzed 
by the action ol ammonia just as under the action of water they 
undergo hydrolytic decomposition. 

3. Methyl iodide and sodium amide interact in the presence of 
U(piid aniinonia, CH.^I -|- NaNH^ = CH 3 NH 2 + Nal, to form methyl- 
amine. Under similar treatment ethyl iodide yields ethylamine and 
ethylene, n-propyl iodide yields n-propylamine and propylene, iso- 
butyl chloride yields isobutylamine and isobutylene.^ The behavior 
of alkyl halides toward sodium amide thus closely resembles their 
beliavior toward sodium hydroxide. 

4. Methyl alcohol has been ammonolyzed to methylainine by heat- 
ing it with ammonium chloride or with ammonated zinc chloride, 
OHyOH - 1 - NII 3 CH 3 NH 2 + HoO. Ethylamine is obtained in small 
yield when ethyl alcohol and ammonium chloride are heated to- 
gether at 300°. 

5. Just as acpio alcohols are formed by the reduction of aquo alde- 
hydes and carboxylic acids so ammono alcohols are obtained by the 
action of reducing agents on ammono aldehydes, on carboxazylic 
and carbazylic acids and on ammono carbonic acids. Examples of 
such reactions are reprc'seiited by the e<iuations,® 

(1) -f 21I = (JL^Uir.Nir. 

( 2 ) ( JI.,(?()NIU + 411 = CTI 3 CIUNH 2 + n.o 

(3) + 411 “ ( JIJJUNII. 

(4) Cn,iAl-m\U, + 211 = < dLUlLNlICJl, 

(5) (yi JUNlI)Nllo + 4II =: C^II^CIUNU. + NH 3 

((i) lI.Nt^N -f Oil = Oll.NIU + Nn 3 

In accordance with eipiations (1), (2) and (3) an ammono ethyl 
alcohol is foriiuMl by the reduction respectively of an ammono alde- 
liyde-a leohol, of an* a(iiio-ammono acetic acid and of acetic anam- 
monidcc h](niation (4) rei)resents the reduction of an ammono 
al(lehyd(‘-eth(u* to an ammono alcohol known as ethylaniline, ecpia- 
tion (5) the induction of an ammono benzoic acid to an ammono 
benzyl ah'ohol, eipiation (h) of an ammono carbonic acid to an 
ammono nudhyl alcohol. 

Metal Derivatives of the Amines. The alkali metals dissolve in 
methylainine to form solutions just as they do in liquid ammonia 

7 Cluibhiy, Aiiu. Vhim., Llfl 7, 4(i0 (1014); Lebeau, Bull. soc. chim., 33, 1003 
( 1 005 ) . 

slienle, Ber., 35, 3044 (1902). 
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excepting tliat they are far less soluble in the former solvent than 
in the latter. When metallic potassium is heated in contact with 
the vapor of methylamine ® or when a liquid methylamine solution 
of potassium is allowed to stand in the presence of a metallic cata- 
lyst (platinum black or a spiral of iron wire) a monopotassium 
derivative of methylamine is formed.^^ The reaction involved^ which*, 
is represented by the equation, CH3NH2 K = CHgNHK -f H, is 
similar to that which takes place when metallic potassium acts on 
methyl alcohol. 

Alkali metal ammono alcoholates of the formulas, CoHgNHK,^^ 
CHgNHCs, CoH^NHCs and CsHi^NHCs have been prepared. 

Ester Formation. Looking upon methylamine and dimethylam- 
ine as ammono methyl alcohols, and upon acetamidine as an am- 
mono acetic acid it follows that as methyl a(iuoacetate is formed by 
the action of aquo methyl alcohol on a(iuo acetic acid so it might 
be expected that methyl ammonoacetates of the respective formulas, 

(1) CH3C(NH)NHCH3 (NIIJNClTg, 

(2) CH3C(NCH3)NHCH3, 

(3) CH3C(NH)N(CH3)„ 

(4) CH3C(NCH3)N(CH3)2, 

would be formed by the action of methylamine and of diimdiiylain- 
ine on acetamidine. Cai'bazylic acid esters of all four ty])es rej) re- 
sented by these formulas are known. 

A very large variety of esters has been prepared by the a(*li()n of 
amines on aquo acids, on acid anhydrides, on acid anaiiimoiiid(‘s 
and on acid chlorides, a limited number by the action of amim\s 
on acid amidines. A few examples of such reactions, in whi(‘h t,h(‘ 
amines function in a manner strictly similar to tliat of the aijuo 
alcohols, are represented by the following (Mpiations. 

Amines and acids. 

(1) CH3COOH -f CH3NH0 = CH3CONIICII3 -f JI,,() 

(2) CH3OONH2 -f C.HsNHo cn3COMI(l,dr, -f NJl^ 

(3) CeH.C ( NH) NHCeH, + = ( '„ 1 1 ,( J ( N( 11 , ) N 1 1 < 1 1 , 

+ NH3 ■ 

( 4 ) HONO + (CH3),NH = (CH3)3N- -NO + llj) 

(u) HO-*Cl + CH 3 NH,=:CH 3 Nn--Cl + lLO 

fTitherly, J. Ohem. Soc., 71, 460 (1897). 

Unpublished observations. 
iiTitherly, J. Chem. 80 c., 71, 463 (1897). 
laRengade, Ann. ohim. phys., [8] 11, 348 (1907). 
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Amines and acid anhydrides. 

( 6 ) ( CH 3 CO ) 2 O + CH 3 NH 2 = CH 3 CONHCH 3 + CH 3 COOH 

( 7 ) CO3 + CH3NH2 = OH3NHOOOH 

Amines and acid anammonides. 

(8) CH 3 CN + CeH^NH^ = CH 3 C(NH)NHCeH 5 

(9) C,IL.C]Sr+ (C,H5)3]S[Hzz:CeH3C(NH)N(CeH3)2 

Amines on acid chlorides. 

(10) C^H^COCl + CH 3 NH 2 = CH^C0NHCH3 + HCl 

_ (11) OoH/J(C1)NCcH3 + CcH,NH2 — C 6 H,C(NC 6 H 5 )NH 03 H 5 

( 12) OCCI 3 + 2 CH 3 NH 3 = OC (NHCH 3 ) 3 + 2HC1 

(12) NOBr+ (CH 3 ) 3 NH=:NCN(CH 3)2 + HBr 

(14) m,Ch + 2CU,'NB.,= (CH 3 NH) 3 S 03 + 2 HC 1 

Eiinations (1) to (5) inclusive represent the action of amines on 
the respective acids to form, ( 1 ), an N-inetlivl aqiio-ammono-acetate, 
(2), an N-plienyl a(]uo-amnu)iio-acetate, (3), an N-N'-diphenyl aquo- 
ainniono-benzoate, (4), an N-N-dimethyl a(iuo-ammono-nitrite and 
(5) , a methyl aiiimoiioliypochlorite. Equations ( 6 ) and (7) repre- 
sent tlie action of methylaniine on acetic anhydride to form an 
N-ni(‘tliyl a(iuo-animono-acetate and on carbonic anhydride to form 
a,n N indliyl aquo-ainmono-carbonate. Ecinations ( 8 ) and (9) rep- 
I'eseiit the action of ammono phenols on acid anammonides to form 
carbazylic acid (‘sters. Tlie remaining* equations represent the ac- 
tion of ainin(*s on acid lialides to form, (19), an Nanethyl a^ino- 
amniono-a(*(‘tal(‘, ( 11 ), an N-N'-di[)henyl ammonobenzoate, ( 12 ), an 
X N' dinudliyl a(pio-ammono-carl)()nate, (13), an N-X-diniethyl am- 
moiKx'arbonate and (14), an X'-N'-di methyl a(pio-ammono-sulfate. 

Acetal Formation. Just as aldehydes react with the ordinary 
alcohols to form acetals so also are acetals formed hy the interac- 
tion of ald(‘hydes with amines. l]xampl(\s of acetals thus formed 
will b(‘ discussed in tlui following chapter. 

Grignard Reactions. The adion of alkylinagnesium halides on 
jn'iniary and secondary amines resembles that of the same reagents 
on aipio alcohols. 

AMum methylniagn(‘sinni iodide is formed hy the interaction of 
metalli(' magnesinm and methyl iodide it is reasonahle to assume, 
in accordance with the equation, Mg + CHy -I = CTl^- ^llgl, that 

ci Isolated in llio form of its methylammouiiiin siilt. 
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zero valent magnesium is augmented (delectronized) to an unknown 
extent and that at the same time the methyl group is reduced to a 
condition approximately that in which it is present in methane. 
On such an assumption the action of water and of ammonia on 
methylmagnesium iodide may be said to involve the solvolysis of a 
methanobasic magnesium iodide in the one case to an a(iuobasic 
salt, in the other to an ammonobasic salt as represented by tlie 
equations, 


0:: :H 2 + CH 3 - *MgI = CH^- + HO- *MgT 
NE :H 3 + OH 3 - *MgI nr OH 3 - + H 3 N- *MgT. 


According to Sudborough and Hibbert^'^ the action of methylam- 
ine on methylmagnesium iodide takes place in two steps, 

CH 3 NH, CH^NHMgl OH 3 N (Mgl) 3 , 

its action on dimethylamine in accordance with the equation, 

+ CHaMgl = (CH 3 ) 3 NMgI + CH,. 

Comparing these equations with 


CH3OH + CH3MgI = CH, + CH30MgI, 

which represents the action of methyliiiagnesium iodide on nudliyl 
alcohol the close similarity in the behavior of the alcoliols, tlie pri- 
mary amines and the secondarv amines will ])e obvious, qh^imeih- 
ylamine being an ether does not react with Grignard lea, gents. 

Augmentation of the Alkyl Amines. 8 ince it is in their b(‘- 
havior toward oxidizing agents that tlie acpio ah'oliols and eih(u*s 
exhibit some of their most characteristic ])rop(‘r< i(\s it is iin{)or'<,an<i 
to show that the amines closely resemhle tlnn’r wat(‘r analogs in 
their action toward augmenting agents — tliat is to say (‘iUi(‘r oxi- 
dizing or nitridizing agents— in order to establish tlnmi as ab'ohols 
and ethers of the nitrogen system. 

Nitridation in Liquid Ammonia Solution. No s.vsl(unaG(* in- 
vestigations have been undertaken with the objecd in vi<‘w of dcdnr- 
mining the extent to which it may be possible^ to rcalizci exjun'i- 
mentally by means of reactions carried out in Ji((nid ammonia, 
solutions, the many nitridizing reactions impli(‘d in Table 10 (p. 
219), It does liappen, lio\\'ev'(n*, that tli(‘ following signilicant ob- 
servations have been made. 

Franklin, J. Am. Chem. Soc., 46, 2140 (1924). 

15 Sudborough and Hibbert, J. Ghcm. Soc., 95 , 477 (1909). 
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In the course oi: an experimental study of the nitridizing* action 
of hvdrazoic acid Chuck found that guanidine is obtained when 
a liquid ammonia solution containing methylamine and ammonium 
azide is heated for a time at 100 °. An ammono methyl alcohol is 
thereby nitridized to an ammono carbonic acid, 


CH3NH, + = HNC (NHJ 2 + + NH3. 

Chuck found furthermore that a fair yield of benzamidine is ob- 
tained when a licjuid ammonia solution of benzylamine together 
with an excess of ammonium azide is heated. Although benzyl- 
ideneimine was not isolated it may be assumed that the reactions 
involved take place in accordance with the scheme, 

C„n„GH,NH, CeH.CH (NH,) 2 ^ C,H,CHiNH 

— Na —Nila — Na 

CoH5C(NH)NH2, 

which represents the nitridation of an ammono benzyl alcohol first 
to an ammono benzaldehyde-alcohol and thence to an ammono ben- 
zoic acid, ammono nitric acid functioning as nitridizing agent. 

Under the action of iodine in liquid ammonia solution methyl- 
amine is conv^erted into guanidine (c/. Chapter X) which is to say 
that an ammono methyl alcohol is augmented to an ammono car- 
bonic acid in accordance with the e<iuation. 


(dUNii, + :\L, + 2x113 = imruxH.). + bill. 


Nitridation in Water Solution.^" l>y boiling a water solution 
of b(mzylamin(‘ and sodium azide made acid by the addition of sul- 
fnrii* add (dinck olitaiiUMl good yields of iH[no ])enzaldehyde and 
a,(iuo b(‘nzoi(* acid. Tli(‘ riuiclions inv(dved may reasonably be rep- 
r(^s(‘nt(Ml by ih(‘ selu^nuy 


C.lI./dl.Nlh. 


-I IlN, 


-N., -MI;, 


. (vii.(.’n-Nii c„H,cn=o 

•* -Nil;! 


cji.coNiL,nifl^ o„n5Coon, 


in accordance willi which it is assumed that benzylamine is nitri- 
dized to benzylideneimine which is immediately hydrolyzed to beii- 
zaldebyde. This aipio aldehyde is then nitridized to benzanfnhi 

1C. Faw Yap Cliuck, Thesis, Stanford University, 1925. 

17 Nitridation is used lu‘re rather tluin augmentation or oxidation for tlie rea- 
son tliat the active agent is ammono nitric acid. 
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which in hot dilute sulfuric acid solution is hydrolyzed to m\\\o 
benzoic acid and ammonia. 

Oxidation o£ Alkylamines in Water Solution.^® Earlier in the 
chapter it was pointed out that just as methyl alcohol, isopropyl 
alcohol and tertiary butyl alcohol are respectively a i)rimary, a 
secondary and a tertiary alcohol so methylamine, CH3NII2, and di- 
methylamine, CH3NHCH3, are to be looked upon as primary ani- 
mono alcohols, isopropylamine, (CH3)2CHNH2, and diisoproj>ylain- 
ine, (CH3 )oCNHC{CH 3)2, as secondary ammono alcohols and ter- 
tiary butylamine, (CH3)3C]SrH2, and ditertiary butylamiiie, (CIIJ.j- 
0NHC(CH3)g, as tertiary ammono alcohols.^^ 

It will be shown in what follows that this classification of the 
amines into primary, secondary and tertiary ammono alcohols is 
justified by the known behavior of representatives of each class of 
compounds toward oxidizing agents in water solution. 

Primary Ammono Alcohols. Methylamine. 1. Ocoidat/lon of 
Carlon. Assuming the action of oxidizing agents on methylamine 
to consist in the successive injection of oxygen atoms into positions 
between the carbon atom and a hydrogen atom in the methyl group 
as represented by the top horizontal row below it follows that one 
might expect to find the compounds formulated among the oxidation 
products of methylamine, 


( 1 ) 


(2) CH2(0H)NH, 

CHjNH 

GH ,0 


(3) HO (Oil)., Nil., 

I 

ECO Nil. 

HON 

HCOOIl 


» (4j (.HOii).,Nn., 
00 (OII)NII, 

jio(;n 

(IIOON)., 

() 0 (NII,), 

CO,, Nil,,,' 11,0 


excepting that the compounds represented by die forinuhis, (2), 
( 3 ) and ( 4 ) are incapable of existence, that niethj'leneimiiK' won hi 
either hydrolyze to acpio formaldehyde and annnonia, or iind(M‘go 
deammonation and polymerization to form hexamethyleiudetraiuine 

IS The reactions to be discussed in the reiniiiiiing portion of iliis cliapOu* ar(‘, 
with one or two exceptions, brought about by the action of oxidizing agmils usinir 
the term oxidizing agent in its specific sense as a purveyor of oxygini. In lliis 
sense we speak of the oxidation of the amines. 

19 In order to avoid confusion in our discussion of the primary, siM-ondary and 
ammono alcohols we shall henceforth simply abandon (Mitircdy llie use 
of the terms primary, secondary and tertiary amines when we lniv(‘ occasion to 
speak of the monoalkyl, dialkyl and trialkyl derivatives of ammonia 
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and that only those carbonic acids would appear which are not too 
readily hydrolyzable. 

Of the compounds thus predicted formaldehyde, formic acid, hy- 
drocyanic acid and carbon dioxide and ammonia have been obtained 
by the action of oxidizing agents on methylamine, cyanuric acid 
and urea by the oxidation of formamide, cyanic acid and urea by 
the oxidation of hydrocyanic acid. All these compounds may be re- 
garded as oxidation products of methylamine. 

So similarly acetaldehyde, acetonitrile, acetic acid, carbon diox- 
ide and ammonia have been found among the products formed by 
the action of oxidizing agents on ethylamine. Furthermore acet- 
amide has been obtained by the action of ammonium persulfate on 
acetaldehyde. The*behavior of methylamine and ethylamine toward 
oxidizing agents closely resembles that of the primary aquo alcohols. 

2. Oxidation of Amine Nitrogen. Since ammonia is susceptible 
to oxidation, finally to nitric acid, it may well happen when methyl- 
amine is exposed to the action of certain oxidizing agents that the 
nitrogen atom instead of the carbon atom of the amine will be at- 
tacked, or it may even happen that both the carbon and nitrogen 
will be oxidized either simultaneously or successively.-'' 

The observed formation of nitromethane, formaldoxime and form- 
hydroxamic acid by the action of Caro's acid on methylamine and 
of nitroethane, acetaldoxime and acethydroxamic acid by the oxi- 
dizing action of the same reagent on etliylamine is in agreement 
with these surmises. Representing the formation of nitromethane, 
formaldoxime and forinliydroxamic acid by means of ihe scheme. 


^ (RI.jNO., 

(’ll., Nil.. 

(’ir.,(()ii)Nn:on-»cii..-X:oii->ii(’(()H)N:<>n 


one may say that nitromethane is formed by the oxidation of amine 
nitrogen to' a. niti’o group, that formaldoxime is tornied In- way of 
the unknown ( oniixmnd, nOCIlyNlIiOII, by the simultaneous oxi- 
dation of methyl alcohol carbon to formaldehyde carbon and of am- 
monia nitrogen to hydro.xylamine nitrogen, and that formhydrox- 
amic acid is formed from formaldoxime by the oxidation of formal- 
dehyde carbon to formic acid carbon. 

liainberger and Schuetz identified beiizaldehyde, lienzoic acul, 
benzonitrile, benzakloxime, benzhydroxamic acid and phenyluitro- 


20 u will 1)0 rocallod tlait methyl mercaptan, which is a tliio alcohol, hohuves 
toward oxidizing agents in a maiiiior fuiKlamentally dillereiit from that ot the 
analogous aquo alcohol in that it is the sulfur instead ot the carhoii atom which 
is attacked. Methyl mercaptan is oxidized to methyl sulfonic acid and not to 
tliio formaldehyde. 

21 Bamberger and Schuetz, Ber., 34, 226i- (1901). 
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metliane among the products formed by the oxidizing artion ( 
Caro'S acid on benzylamine. Beiizamide and ihamylnitrolic* \v(*i 
also supposed to be present but were not positively idemtilied. I 
the light of the preceding discussion it will be cle^ar tlial: benzalde 
hyde, benzoic acid and benzonitrile are prodmds ol augiiumti 
tion of the alcohol carbon atom contained in Ix^nzybunine, Ilia 
benzaldoxime and benzhydroxamic acid resnli; fi’om tlu^ augnundji 
tion of both the carbon atom and the nitrogen a, lorn and lliai in th 
conversion of benzylamine into phenylnitroniethaiie il: is th(» nil,i*( 
gen atom only which undergoes augmentation. 

Oxidation of Dimethylamine, (CIIJoNlI. Idke^ medbylarnin 
this compound is a primary ammono alcohol, ('onlaining howeve 
two methyl alcohol groups, either one or both of wlii(*h may be^ a,ug 
mented to aldehyde, carbylic acid and carbonic acid groups, it ina,; 
properly be designated as a diprimary ammono al<*oliol. 

Odoidation of Carlon. On the assumption that: a, [)roi)erIy chosei 
oxidation agent attacks the carbon atoms only, one ina^t s[)e(*nlat( 
to the effect that some or all of tlie compounds repr(‘S(nil(‘d in the 
following scheme should result from the oxidalion of diineihyl 
amine. 

HN- ( CHa ) 2 HN ( CHaOH ) CHa HN ( c:i 1 0 ) C l la 1 1 N ( ( ' ( ) ( ) 1 1 ) ( ! 1 1 ,, 

(1) (2) (.‘C (1) 

i i I 

H]Sr(CH20H), -^HN(CII())CIl2nir IIN (( 'OOll )( !ll^()II 
IIJST ( C.1 1 0 ) 2 1 1 N ( ( '( )i) 1 1 ) ( ! 1 1 ( ) 

IIN ({'()( )II ), 

All the compounds thus formnlaled, hmving asid(‘ lh(‘ (pn^slion 
of which are known and which are unknown, would b(‘ (‘xp(M‘l(‘d 
either to break down or undergo hydrolysis in (li(‘ pi-(‘s(uic(‘ of 
water, acids or alkalis, as follows: (2)'in(o nndliylaniiiK^ and 
formaldehyde, (3) into melhylamine and forinie acid, (I) inlo nudh- 
xlamiue and carbon dioxide, (5) iid.o foi*niaI(b‘hyd(‘ uiid ammonia, 
(6) into formaldehyde and formamide or fo^m^Idehy<l(^ formic acid’ 
and ammonia, (/) into formaldehyde, (*arbon dioxid(‘ and ammonia, 
(8) into formic acid and ammonia, (b) into formic arid, rarboii 
dioxide and ammonia and (10) into (•arI)oii dioxid(‘ and ammonia. 
Other possible decomposition j)roducts are Innc ignoiaxl. In view 
of the above considerations and recalling onr dismission of lln^ ac- 
tion of oxidizing agents on mono nud hylamim^ i( app(‘ars IJial nmhn* 
conditions of effective hydrolytic axdion lh(‘ prodmds whi(di one 
might expect to obtain by the action of oxidizing agenis on (he two 
ammono methyl alcohols in water solution (‘X(dnsive of eonrs(‘ of 
the compounds formed by the oxidation of amine nitrogen— are 
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niethylaminej formaldehyde, formamide, aquo formic acid, carbonic 
anhydride and ammonia. 

In harmony with these specnlations concerning the action of oxi- 
dizing agents on the dialkylamines are the following experimental 
observations. 

1. Dnnstan and Goiilding-- obtained formaldehyde and formic 
acid, together with nitrous acid as products of the action of hy- 
drogen peroxide on dimethylamine.-^ 

2. Linii[)richt obtained benzaldehyde and beuzylamine by the 
action of chlorine on dibenzylamine, the reactions involved pre- 
sumably taking the course, 

(C,,U,CHJ ^ (C,H,CH,) -Cl^ CeH,CHzNCH,C,H, ^ 

(I) (II) ” (III) 

C0H5CHO + CeH.CH^NHo, 

(IV) (V)- 


ill accordance with which the dibenzyl amnionohypoclilorite (II), 
formed by the action of chlorine on dibenzylamine (I), by intra- 
molecular augmentation of one of the benzyl alcohol groups to a 
benzaldehyde group and reduction of hypochlorous acid chlorine to 
iiydrochloric acid chlorine, is converted into tlie benzaldehyde-ether 
(TIT) which iiudergoing hydrolysis yields benzaldehyde and benzyl- 
amine. 

l)e Haas-” found si.v dialkylamines, including dimethylamine, 
to give good yields of iiionoalkylamines when oxidized by means 
either of iiotassium peniiaiigaiiate or of potassium ferricyaiiide. 
Acpio aldehydes and carboxylic acids were presumably formed at 
the same time though their presence among the reaction products 
is not mentioned. 

4. It was observed many years ago-® that chromic acid oxidizi's 
elhylamylainine quantitatively to acetic acid and valeru' acid. Ig- 
noring probable intermediate stei»s the action of the oxidizing agent 
may be summarized by means of the schenie, 


CH.,Cn,.-NlI-CH,OA-^ CH^COOH + C,n,COOH 

])iinstaii and CJouldiiig, J- Chcm. a^oc., 75, 100.) •letioii of livdro<»-en 

1^3 It will be recalled that nitrous acid is a product ot the action ot 

poroxide on ammonia. ^ / 1 o a 

24 Tdnijiricht, Ann. CJicni., 144, 31G (IbOi 1 . 

'and Sman!'}. 

iiid., 4 , 477 (1800). These observations are not legistued m Bcilstem, «li 
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wliicli represents the oxidation of the ethyl group of a dipriiuary 
ammono alcohol to acetic acid, and of the amyl group to valeric 

^^^Oxidatmi of Nitrogen, Among the oxidation prodm-ls of di- 
methylamine none beyond a small amount of nitrous acid is known 
to remit from the oxidation of the imide group. ITowever, N-N- 
diethylhvdroxjlamine has been obtained by the action of hydrogen 
peroxide' on diethylamine.^' The reaction, which is rei)r(‘s(ui(,ed by 
the equation, (C 2 H 5 ) 2 NH + 0 = involves the oxi- 

dation of ammonia nitrogen to the state in which ii. exists in h}- 
droxylaniine. In a similar manner dipropylamine has been oxidized 
to N-N-dipropylhydroxylamine. 

Oxiddiion of Carbon and Nitrogen,. ldienylhydrox\ landin', 
formjlphenylhydroxylamine and formaldehyde have Ix'c'U found 
among the products of the action of Caro’s acid on methylaniliiu' 
which may be regarded as a mixed primary-tertiary ammono alco- 
hol. Methylaniline is a mixed ammono alcoliol ammono pln'iiol.-'^ 

The reactions involved in the formation of these comjionnds may 
be summarized by means of the scheme. 


C,H, 

5 

\ 

CeH, 

CeH, 

\ 

^CIl^O 
/ (IV) 


NH 

N: 

OH N ; 

:OH 


/ 

/ 

/ 

\ 

CH, 

3 

CH3 

HOCH2 

\ M. 

<I) 


(II) 

(III) 



(V) 


CJI, 


\ 

/‘ 


N:()H 


OCII 

(VJ) 


It is assumed that the reactions begin with the oxidation of nn'lhyl- 
aniline (I) to phenylmethylhydroxyl amine (llj afti'r tin' manin'i* 
of the oxidation of diethylamine to N-N-di('lhylhydroxy landing as 
explained above and that then the methyl carbon of this a|)par(‘ntly 
unknown compound is oxidized to form the formahh'hydi' j)ln'nyl- 
hydroxylamine (III) which breaks down to forma hh'hydi' (IV) 
and phenylhydroxylandne (V). At the same time a. jnirtion of this 
oxime (III) which has been given the name hydroxynn'thylpln'nyb 
hydroxylamine, undergoes further oxidation of tin' aliphatic carbon 
atom to yield formylphenylhydroxyhxmine (VI). It is (*l('ar that in 
principle the reactions represented by this scheme consist of tln^ 
oxidation of an ammono methyl alcohol to forma, hh'hydi', forndi* 

27Dunstaii and Goulding, J. Chem. 8oc., 75, 1000 (180{)). 

28 Bamberger and Vuk, Ber., 35, 703 (1002j; Baml)crger and Ts(0iirnor, Bcr., 
35, 714 (1902) ; Hiibner, Ber., 35, 731 (1902). 



AMMOHO ALCOHOLS 235 

iicid aiul hydroxyl amine. It is unnecessary to concern ourselves 
here with six further compounds obtained by Bamberger and Yuk 
by the action of Caro’s acid on methylaniliiie other than to say 
that the formation of each may be explained as resulting from the 
oxidation of metliylaniline regarded as a mixed primary-tertiary 
ammono alcohol. 

Ammono Ethers. As ethers of the nitrogen system the trialky 1- 
a, mines should behave toward oxidizing agents in a manner resem- 
bling more or less closely the familiar action of oxidizing agents 
on the atpio ethers and on the mono-alkyl and dialkylamines as dis- 
cussed above. As a matter of fact such is found to be the case. 

TriiHcthylanrhie. Dimetliylamine, dimethylaminomethanol and 
formaldehyde have been observed as products of the action of oxi- 
dizing agents on trimethylamine.^^ 

(CHJ„NCH3-i^,{CH3)2N-CH,OH-» (CH3)2Nn + CH^O. 

Diniethylaminoethanol, it may be noted, is an acetal. 

The one known oxidation product of trimethylamine containing 
oxidized nitrogen is trimethylamineoxide, (CH.i^NO, which is 
formed by tlie action of hydrogen peroxide on trimethylamine. 

When healed with a(iueous sulfuric acid trimethylamineoxide 
breaks down to f(nmi dimethylamine and formaldehyde, a transfor- 
mation, 

(CIIJ^NO-^ (CIIJ.N-Cn.OH = CHY) + (CHJ.NH, 

whi(‘h (dearly consists in the intramolecular oxidation of one of 
the melhyl groups to a formaldehyde group and the simultaneous 
rediiclion of oxidiz(‘d nitrogen to ammonia nitrogen.^" 

I )ielhylaniin(‘, acetaldehyde, acetic acid, oxalic acid, carbon diox- 
id(‘, trieniylamineoxide, ammonia and nitric acid have been found 
among llu^ products of the action of oxidizing agmits on triethyl- 
amin(‘.'*^ All these com[)ounds are readily explained as resulting 
from the oxidation of the ethyl alcohol groups and the ammonia 
nitrogim contained in triethylamine. 

Secondary Ammono Alcohols, lloCHNIY. xVpparently the only 
known oxidation product of the simplest secondary ammono alcohol 
is acetoxime which has been obtained by the action of Caros acid 

'y^Ghcm. Zcnir., 1913, H, 1832; 1914, I, 203, 509; Meisenheimer, Bcr., 46, 1130 
(1913). 

30 Dunstan and Goulding, J. Chem. Soc., 75, 1005 (1899). 

31 Dunstan and Goulding, loc. cit.; Bar Juan, Am. Chctn. J., 43, 3 (1910); 
Meisenheimer, Ber., 46, 1157 (1913). 
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on isopropylamine."' It may be assumed lliat ( lu> read ions in- 
volved take place in accordance with the sehenu', 

(CH3),CHNH,^ (GH3),OnNO-^ ((dlJJtN:()If, 

which represents the secondary amniono alcoliol as vnHha'o-oinjr oxi- 
dation to isopropylnitrosainine, whi(‘h, iindcr^^oin^- iiil rain<)I(M*nIar 
oxidation and reduction, rearranges to the (Iinudhylk(d,()xiin(^ 

Bamberger and Seligmann observed also that (litdhylladoneoxiine 
is a product of the oxidation of dietliylmeihylainiius 

(OA)XHNH,-^ (an j/tN : OH, 

and that beuzoplienoneoxime is formed in a, siniihir nianinn* by the 
oxidation of benzhydrylamine, 

(CgHJ^CHNHo-^ (0,n,)oC=N: on. 

Among the products of the action of (hu*o\s acid on j)li(‘nylni(d:liyl- 
methylamine, (CgH^) (CH3)OIih[Ho, Jbnub(n'g(‘r ainl Widiginann 
identified acetophenoneoxiine, acetoj)h(MH)ii(\ i)h(‘iiylni(dliyl nitro- 
metliane, (CgHg) (CH3)CHNOo, phenol, aceti(! acid, forinii* a, (‘id, 
benzoic acid and carbon dioxide. The app(‘araiic(‘ of all llu*s(‘ com- 
pounds may be readily explained as residling from t li(‘ oxidaiion of 
phenylmetliylmetliylamine looked upon as an aimnono s(‘condary 
alcohol. 

Tertiary Ammono Alcohols. Trini(‘tliylni(dliylamin(‘, ((dl.^),,- 
CNHo, is a nitrogen analog of tertiarybulyl alcohol, and sinc(‘ both 
compounds contain tlie same dillb'nlly oxidizabh* ( laiind li\ load hyl 
alc(jhol group one would (ixpect to lind th(‘ fornici*, in so far as th(‘ 
oxidation of carbon is con(‘ern(‘d, ollcriug (Ik* saim* r(‘sisla ikm* Io 
the action of oxidizing agenls as is \v(‘ll known Io chara(d(‘riz(‘ or- 
dinary tertiarybutyl ah'ohol. On the olIi(*r hand lh(*r(* b<*iiig no 
apparent reason why the nitrog(‘n of tin* amim* group shoidd lansisi: 
oxidation one miglit well ex|)ect Io lind tin* compounds roi‘imdat(‘d 
herewith among the oxidation i)roducls of (his lorliary amniono 
alcohol. 

(ch 3)3CNH3-±^ (cn3)3CNH:on^ 

0 ) (ii) (HI) 

(CH3)3CN03 

(IV) 

32 Bamberger and Seligmann, Kcr., 36, 701 (1003). 
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As a matter of fact trimethylmethylhydroxy famine (II), nitroso- 
trimethylmetliane (III) and nitrotrimethylmethane (IV) have been 
obtained by the oxidizing action of Caro’s acid on trimethylmethyl- 
amine, as have also the amylhydroxylamine, C3H5(CH3)2CNH : ok, 
the nitrosopentane, C2H5(CH3),CNO, and the nitropentane, 
C2Hi;(CH3)„CNO„, by the action of Caro’s acid on dimethylethyl- 
methylamine.®’’ It is interesting to recall in this connection that 
aniline, which may be regarded as a tertiary ammono alcohol, has 
been oxidized successively to phenylhydroxyl amine, nitrosobenzene 
and nitrobenzene. 

Cyclic Ammono Alcohols. Tyrrolidiue and hexahydropyridine, 


cn.,-cn, 

NH 

/ 

On^-OHa 


CH.-CH. 

/ “\ 


CHo NH, 

‘\ / 


CH2-CH2 


and other heterocyclic nitrogen compounds show the properties of 
ammono alcohols. 

S3 Bamberger and Seligmaim, Ber,, 36, 685 (1903). 



CHAPTER XXVI. 


♦ 
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ACETALS AND ALDEIIYDE-IOSTIOILS. 


The formulas, (1) ECH(OH)„ (2) RCllO, Cl) H<'1[ (OII)()RC 
(4) ECH(0H)0-0CR', (5) EOH(OR')o, («) IR'II (()■()( 'R') „ repre- 
sent (1) aldehyde hydrates, (2) aldehydes, and (11), (1), (n) and 
(6) acetals respectively.^ 

Looking upon these compounds as derivatives of watci- and si»(ien- 
lating upon the existence of analogous compounds Ixdoiiging lo tlu! 
nitrogen system we find that the trivalency of nitrogen niak(“H |)o,s- 
sible the preparation of compounds represented hj (Ik! following for- 
mulas, (1) RCH(NH,)«, (2) RCH(NH„)Ninr, ■(;?) Rl’II) NilRA.,, 
(4) RCH{NH,)NR'„ (5) ROH(NHR')NR'.., («) RCli:( Nit'..) (7) 

RCH^NH, (8) ECH^NR'and (9) RCH(N=cnit')„ in wl.i(dr R, rep- 
resents a hydrogen atom, an alkyl or an ai-yl groii]) and R' <‘illH‘r 
a hydrocarbon radical or an ammono acid residue. 


The first formula represents nitrogen analogs of (Ii<* aldehyde 
hydrates. Formulas (2) to (6) inclusive represent eoinponnds 
which are the nitrogen analogs of the acetals. They may Ixj ealhal 
ammono acetals. Compounds represented by formula, (7) art' am- 
mono aldehydes and, since the nitrogen atom is assoeialed wilh an 
. atom of hydrogen, at the same time either an ammono alcohol or 
an ammono acid. It is probably best to regard the alk vlideneimincs 
of which ethylideneimine, CH^CH^NH, is an example, a.s ammon.; 
aldehyde-alcohols. Formula (8) represents compounds which hv 
vmtue of the double linkage between the alkylidene groni) and I he 
nitrogen atom, are aldehydes. When the ammono alcohol hydrogen 
in formula (7) is replaced by an alkyl or aryl group an ammono 
aldehyde-ether results, when replaced by an acid amidine re.sidn<> 
an aldehyde-ester is formed. An example of the former is elhvi 
ideiie-ethylimine, CH^C&NCA, of the latter beiixylide„eh,.n/.ami- 
dine, CsH-CH-NC'tNHjCeHg. Compounds represented by formula 
(J) among which for example is the well-known hydrolmnzamide, 
N,, are aldehydes in so far as the carbon to nitrogen 
double bond is concerned while at the same time they are acetals 
m the sense that they are derivatives of alkylidenediamines ev(>n 
though the groups taking the place of the amine hydrogen atoms 
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are aldehyde groups and not alkyl, aryl or acid groups as is the ease 
with the more familiar acetals. Somewhat arbitrarily perhaps we 
shall speak of the Schiif bases (8) as ammono aldehyde-ethers and 
of the compounds represented by formula (9) as ammono dialde- 
hyde-acetals. Having gone thus far in expanding our nomenclature 
it becomes reasonable to apply the term acetalization to the di- 
merization of the unknown methylene nitride (CHolgNo to hex- 
amethylenetetramine and the trimerization of acetaldehyde to paral- 
dehyde and to speak of these polymerization products as cyclic 
acetals. 

Methylenediamine, CH2(NH2)2, Methyleneimine, CHo=NH, and 
Methylene Nitride, (CH2)3N2. The latter two unknown compounds 
come as near being the nitrogen analogs of aquo formaldehyde as 
the trivaleiicy of nitrogen permits. Methylenediamine, which is the 
nitrogen analog of methylene glycol, is known in water solution, - 
and in the form of its nitrate, hydrochloride and sulfate.^ Like 
methylene glycol, it forms a large number of alkyl, aryl, and acyl 
derivatives which are to be looked upon as acetals. For example, 
tetramethylmethylenediamine, (CH3)2N-CH2-N(CH3)2, is an am- 
mono acetal which is formed by the action of dimethylamine on 
formaldehyde just as methylal is formed by the action of aquo 
methyl alcohol on formaldehyde. The parallel reactions are repre- 
sented by the equations, 

(1) CI-LO + 2(CH3)2NH = CH2[N(CH3)2]2 + H2O 

(2) 01120 -f 20H30n rz: OH. (00113)2 + H.o. 

This ammono acetal is hydrolyzed by the action of dilute hydro- 
chloric acid to formaldehyde and dimethylamine just as methylal 
under similar treatment yields formaldehyde and methyl alcohol 
as ret)r(‘sented by the above equation read from right to left. 

Acyl derivatives ol methylenediamine have also been ]>repared, 
such, for example, as diacetyldiaminomethaue, CB^i^ROCCU.^) o. 
This'compound is a methylene aquo-iimmono-acetate. Neither of the 
methylene aminonoacetates represented by the formulas, 
(Nir)COH3l2 and CBflSl {mi)CCU,, has been prepared. A benzyl- 
idene amnionobenzoate, CoHjiCH^N ( Nil) is known. 

Many alkyl, aryl and acyl derivatives, CH.^NR and CIL-NAc, of 
methyleneimine are known some of which will be discussed latei. 
Methylene nitride is known in its dimeric form as hexamethylene- 

telramine. ^ . 

Hexamethylenetetramine, (CH2)8N4. The formation of this im- 
portant compound by the action of ammonia on formaldehyde is 
readily explained on the assumption that the aquo aldehyde is am- 

2 E inborn and Maiiermayer, Ann. Chem., 343, 306 (1905). 

3 Knudsen, Ber., 47, 2698 (1914). 
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monolyzed by the action of ammoiiia to iiu'diylono niii-bU', Kay in 
accordance with the equation, 


3CH2O 


+ 3CH:NH > OII.,-N-<d I.,-N ( !1 1.„ 

-arioO -Nil;, 


and that the dialdehyde-acetal thus foriiKMl iiiinHMiia Udy dimerizes 
to hexanaethylenetetrainine. 

Hexamethylenetetramine has also Ixm'ii pri^pa iaal by I he a, cl ion 
of ammonia on trioxyinethylene, by Ihe aetion of aIcoholi<* ammonia 
on methylene chloride at 125° and l)y warmiiio- a li(pii<l ammonia 
solution of methylene chloride.® 

Strain has shown furthermore that formaldcdiydc^aiiiliiK^ is ani- 
monolyzed by the action of liquid ammonia to b(‘xa.meniyl(meletra- 
mine and aniline as represented by the eipiation, 


eCH^^NOeHs + 4NH, = (OIL),N, + 


The conversion of aquo formaldehy(l(‘ inlo I rioxynaq hyban^ and 
of methylene nitride into hexametliylen(d(‘tramiii(‘ involve^ closcdy 
similar reactions which in principle are proc(‘SH(‘s of acidalization. 
In the one case three molecules of ineiliyban^ oxid(‘ a nib* (o loimi a 
hexacyclic molecule of two dimensions, so to say, whip* in llu* other 
two molecules of methylene nitride inl(*ract lo rorm a I li !*(*(* dim(*n- 
sional molecule made up of four h(*xaj 4 'onal ring’s (*acli conlainin^' 
three nitrogen atoms and three meihyh^m* groujis in alt(‘rna((‘ posi- 
tions and with each nitrogen atom In^Id in common by llir<*(‘ h(‘xa,- 
gons and each methylene group by two h(*xagons. On a plain* IIk* 
dimerization of methylene nitride lo li(‘xam(‘lhyl(*n(*l(‘lrainin(* may 
be represented by the sclieme,® 




N N 

\ / 
on, (di. 


N 



(db. 


2CH,=N-CH,-N=cn, 

5 strain, Thesis, Stanford University (11)27). 

6 The close analogy between the two reafjtions Ix'conu's pa r( icula rly (’b'ar when 
the dimerization of methylene nitride is followed by means of a Ibia'e dimen- 
sional model. 
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This foi^mula for hexamethylenetetramine was proposed and sup- 
ported by convincing arguments by Duden and Scharff/ 

In further support of this formula it is important to note that 
the three-dimensional symmetry of the hexamethylenetetramine 
molecule represented by the above formula expresses itself in the 
crystal form and in the Koentgen ray spectrographs as has been 
shown by Dickinson and Raymond.® 

Hexamethylenetetramine itself is of course not an aldehyde any 
more than is trioxymethylene. Rather it is an exceptionably stable 
acetal-like compound which develops aldehydic properties only 
when acted upon by reagents which bring about its depolymeriza- 
tion. Thus tlie action of aqueous hydrochloric acid in converting 
hexamethylenetetramine into ordinary formaldehyde may be ex- 
plained as consisting in the depolymerization of hexamethylene- 
tetramine to methylene nitride, (CHo) 2GH2“N-CH2-N=CH2, 

followed by the hydrolysis of this dialdehyde-acetal to aquo formal- 
dehyde and ammonia in accordance with the equation, 

(CHJsNo + = SCH^O + 2NH3. 

While Duden and Scharff's formula seems to be fairly well estab- 
lished it must be said that it does not readily lend itself to satis- 
factory explanations of some of the many reactions into which 
hexamethylenetetramine has been observed to enter. 

Ethylideneimine, Formation. When aldehyde am- 

monia is allowed to stand in vacuum over concentrated sulfuric acid 
it loses water and yields trimolecular ethylideneimine which may 
be looked upon as paralydehyde in which the three oxygen atoms 
are replaced by imide groups.'*^ 

In this laboratory trimolecular ethylideneimine has been obtained 
beautifully crystallized by dehydrating aldehyde ammonia in solu- 
tion in Ihiuid ammonia by means of calcium amide, decanting the 
solution from the insoluble mixture of calcium amide and calcium 
hydroxide and evaporating to crystallization^^ 

l>y heating the vapor of trimolecular ethylideneimine to tein])era- 
tures around 2G0° and condensing at —35", Strain was able to ob- 
tain the monomoleciilar moditication as a mobile Uipiid which after 
a time at laboratory temperature reverts to the trimolecular form. 

It is interesting to note that as acetaldehyde in water solution is 
converted into so-called aldehyde resin by the action of potassium 
hydroxide so, as observ^ed by Strain, potassium amide when adde<l 

^Diulen and ScliarfF, Ann. Chan., 288, 218 (1895). 

s Dickinson and Raymond, J. Am. Ghem. ^oc., 45, 22 (1923). 

9 Delepinc, Chim., [7] 16, 103 (1899). 

10 Strain, J. Am. Chem. Soc., 54, 1225 (1932). 
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to cl liquid aiunioiiia solution of ethylidoiiciuiiue biinj^s uboul tl 
formatiou of dark-colored condensation products. 

Auyaieiitdtlon. Strain found that triuiolecular oili} lideiiciinii 
is converted into acetamidine by the action of iodine in li(|uid ai 
nionia solution. The reaction involved^ which may be represents 
by the equation, 

CH^CH-NH + lo + NH 3 = On^O (Nil) NlTo + -111, 

clearly consists in the nitridation of an ammono arcdaldebydi 
alcohol to an ammono acetic acid. Whether depolynierizatiou i)r 
cedes nitridation as has been assumed in writin^^ the above equatio 
or whether trimolecular ethylideneimine is nitridizcMl (o an 111 
known and presumably unstable trimer of a(‘ela.nii(line, on(‘ eaniH 
say. 

Action of Hydrocyanic Acid, When trimolecular (‘thylideiunmim 
suspended in absolute alcohol, is treated with hydrocyanic* a,ci 
a-aminopropionitrile is formed in accordance with tlii‘ etpialioi 

(CH3CH=nh) 3 CH3C&NH + HCN = on3cn ( nh.) (jn, 

which represents a reaction analogous to that which takcss plax* 
when hydrocyanic acid acts on acetaldehyde. 

Deldpine found that two further products of the r(‘si)e<*l ive foi 
mulas, [CH3CH(CN)]3NH and [CH3CH(ON) are formed a 
the same time. It may be that the latter two compounds rcvsiil 
from the deammonation of a-aminopropionitrile. 

Hydracetamide, Ethylidene Nitride, (OIL+IT) 3N0, which ma. 
be regarded as a homolog of an hypothetical methyleiH^ nil rich* ha 
been prepared though little is known concerning ils projaM*! i(\s. 

Hexaethylidenetetramine, (CHaCHjfjNt. According lo I >(40 
pine^- the compound, prepared by Kndernatsch by li(‘a(ing arc! 
aldehyde in aqua ammonia solution, and reported as h(*xa(d hyl {(hon 
tetramine, is identical with tricrotylidenetetramine fornual by lh< 
interaction of crotonaldehyde and ammonia. 


BeNZYLIDENEIMINE and IlYDROIiENZAMIDE 

Just as it frequently happens that aromatic compounds lorn 
themselves much more successfully to experimental inv(‘stiga,tioi 
than do their aliphatic analogs, so, in striking contrast will) oni 
comparatively meager knowledge of the action of ammonia, on tin 

iiDel^pine, Bull. sog. chim., [3] 29, 1182 (1903). 

isPel^pine, Bull. soc. chim., [4] 1, 594 (1907). 

13 Kudernatsch, Monatsh., 21, 137 (1900). 
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«xlipIiH,tic Q^ldeliydcSj very rnciiiy observations are on record wliicb 
support the view that the compounds represented by the formulas, 
CcHjCH-NR and (CoH5CH=N)2CHC6H5j are respec- 
tively an aldehyde-alcohol, an aldehyde-ether and a dialdehvde- 
acetal. 

Benzylideneimine, G^ll^CR-'NK, Following is an account of ob- 
servations made, for the most part by Strain, on the preparation 
and properties of tin’s compound. 

ForMiiiloH. Benz^dideneiniine is formed by allowing hydrobenz- 
amide to stand in contact with liquid ammonia at laboratory tem- 
perature. The slightly soluble hydrobenzamide gradually undWgoes 
ammonation to form tlie very soluble benzylideneimine which may 
l)e ol)tained in the form of beautiful crystals by slow evaporation 
of tlie solvcmt. On ex|)osure to the atmosphere or on standing in 
vacuum in the presence of an ammonia absorbent, benzylideneimine 
loses ammonia and passes back into hydrobenzamide. The reactions 
are rei)resenled by the reversible equation, 

((\,n,on),N2 + NH, ^ 3C,H,CH:NH. 

r>usch prepared benzylideneimine in the form of its hydrochlor- 
ide by treating hydrobenzamide, in solution in a mixture of benzene 
and ethyl alcohol, with hydrochloric acid gas. The reactions take 
})lace in accordance with the equation, 

+ 211C1 + 2(.Ulr,OH = 2C,H,CIFXH.1IC1 + 
(yi,(di=(0(^2n5)2- 

A(iuo ethyl al(*ohol, in the ])resence of hydrochloric acid, acts on the 
ainmono diald(‘hy(l(‘-acetal to form an ammono aldehyde-alcohol and 
an a(ino ac(dal. 

A (‘(ion of I\C(I iici n(f .l//cy//.s*. In tin* presence of metallic sodium 
in liipiid ammonia solution benzylideneiiniiu^ is i-educed to benzyl- 
amin(\ At th(‘ sam(‘ tim(‘ a small amount of toluene is formed. Tlu^ 
conv(‘rsion of IxmzyrMhmeiniim^ into benzylamine in accordance with 
the (Mjuatioii, ( 1,^4 INI! -f- 211 = ('(dl.dTl^XlL, is analogous to 
th(‘ reduction of Ixmzaldeliyde to benzyl alcohol. 

AiAloii of A i((/incnti)if/ A(jcnffi. Sti-ain obtained lamzamidine and 
cyaphenine by the action of iodine on benzylideiuMiiiim^ in li<pii<l 
animoiiia solution. Tlu‘ formation of beiizainidine may be ex[)laiiie<l 
as (consisting in th(‘ ('onv(U'sion of the aldehyde-alcohol into an am- 
mono benzoic acid by the nitridizing action of iodiiua 

!•< Stra-in, ./. Am,. Chcm. 8oc., 49, 1558 (1927). 

i>- Busdi, Bcr., 29, 2144 (1896). 
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CeH^CH^NH + 12 + NH3 = C„IT3C(Nn)Nir3 -f- 2111. 


On tlie assumption tliat benzylideneimine exisis in licjuid nnimonii 
solution partly in tlie trimeric form llien llie lorniiilinn of cyg 
phenine can be explained as taking place in ac(!ordaiic(‘ wilb tli, 
equation, (CoH 5 CH=NH )3 + = (OulL,(lN),, + dNlI,,. AVhetlie 

however polymerization takes place before or nf(('r nitridai iou is ai 
open question. 

When benzylideneclilorimine, which is to b<^ r(“gard(‘d as an am 
mono benzaldehyde and at the same lime an anunono li.viax-liloroii; 
acid ester, is warmed with sodium hydroxide solution, or even will 
water, benzonitrile and hydrochloric acid are fornu'd as IIk' resul 
of a Beckmann-like rearrangement. 


CsHgCH^N- -Cl C„HoC (Nil) 01 ( l„n,,ON. 

Clearly by the augmenting action of hy])ochlorons arad chlorine ; 
benzaldehyde derivative is converted into lu'iizoic anainnionide.’" 

Bensoin Condensation. Strain found that Ixni/.ylideiKo'nuiu 
slowly goes over into amarine when allowed to slainl at laboralom 
temperature in solution in liquid ammonia. I'lie i-eactions involvcl 
probably take the course {cf. p. 251), 


2CeH3CH-NH 


(I) 


OeH^CH-NH^ 

CeH5C:NH 

( 11 ) 


-)-c„n,-,('iiNii_ 

-NIi„ 


o„n,oii-Nii^ 


C„1I,0:N' 


^('IK'JI,. 


(Ill) 




c„n,cn-NiT 

C„Il3CH-N=^ 

(IV) 




in accordance with which benzylidemdmiiic undergoes (he benzoii 
condensation to form what may be called an amnioiio h,ui/..in (11) 
This unknown compound reacts wilh a. third molecule of benzvl 
ideneimine to form (III) which, nudergoiug iul ramolecular aug 
mentation of the benzaldehyde group lo a benzoic arid g.oup ami 
reduction of the ketone group to a secondary alcohol group, passcj- 

over into amarine (IV). ' 11 

Gamkzaro Reactions. According to Strain, henzvlamiue, henz. 
amidine and lophine (2-4-5-triphenylimidazole) are' b.rmed when 


Stickston’stiKlieii/’ Verla^^ 


(.nicni,, L('ij)/J^-lJ(‘rIiii 
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benzyl kleneimine is heated with potassium amide in liquid ammonia 
solution. The reactions involved in the formation of benzylamine 
and benzainidine resemble the familiar conversion of aquo benzalde- 
hyde into benzyl alcohol and benzoic acid under the action of aque- 
ous potassium liydroxide. The parallel Cannizzaro reactions are 
represen l ed by the e(iuations, 

2C,lT,CHk) + 11,0 = C + C,H,COOH 

2CJI,Cir=NII + Nil, = OeHoCH.NH, + CeH,C(NH)NH,. 

A portion o£ the benzylideneimine undergoes the benzoin con- 
densation to form amarine which {Strain found to yield lophine 
when heated in liipiid ammonia solution with potassium amide. 

It is interesting to observe in this connection that aquo benzalde- 
hyde, in benzene solution, under the action of sodium amide, under- 
goes a Cannizzaro reaction, 

20JT,(JJI0 + NaNH, = CcII,CH,OH + CcH^CONHNa,^^ 

to form a(iuo benzyl alcohol and an aquo-ammono benzoic acid. 

Action of H if(lro('ij((iiic Acid, Phenylliydrazinc, Hydroxylaniinc 
aiul A'nilluc. Strain has furthermore shown that hydrocyanic acid, 
phenylhydrazine, hydroxylamine and aniline act on benzylidene- 
imine, in li(iuid ammonia solution, in a manner closely resembling 
the a, (‘lion of I he respective reagents on aquo benzaldehyde in aciue- 
ous or alcohol i(* solution. The analogous reactions take place in 
a(‘cordan(‘e with the following eciuai.ions, 


c,,ir,(di <) =: (vii,,on(oir)CN 

Nil + JK^-N t^dlrCJI (NIT,)CN 


(^.,,11,0110 

c,ir^,<di;-Nii 

c.n^cico 

(^.,1I,C1CNII 


+ C,,1C,NI1 : Nil, ( V.IVUCN : + 

n..o 

+ 1 1,N : on = ( riI=N : Oil + 

+ (^dlr^NIL “ OJI^CinNl^JI, -f . 


n.o 

Nil, 


The significaiH'e of the reactions thus represented is so obvious 

as (o render comment unnecessary. 

Metallic Salli^. Looking upon benzylideneimine either as an 
iildehyde-alcobol or as an aldehyde-acid one migiit expect tliat in 

17 Haller and Bauer, Ann. Chim., [SJ 16, 150 (1000). 
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liquid ammonia solution it would react wilh alkali ineial aruides 
to form salts, for example the sodium salt in accordance^ witli the 
equation, + NaNH, = + N 1 1,. As a 

matter of fact Strain so prepared sodium benzylidcundiniiK^ and po- 
tassium benzjlideneimine, CyH 5 CH=NK, Cah'iuni anii(l(‘ docs not 
dissolve in a liquid ammonia solution of Ixmzylidemeimino which 
probably means that the acid properties of this conq)()un(I are (oo 
weak to permit the existence of a salt of calcium in liie pr'csemce of 
ammonia. Such a salt in solution in Ihiuid ammonia would un- 
doubtedly undergo ammonolytic decomposition with the i)recipita- 
tion of insoluble calcium amide. 

Although no definite line can be drawn betweem alcohols and 
acids in respect to their ability to form m(d;alli(' (lerivativ(^s it seiuns 
fair to say that the above considerations lend to support llie view 
already expressed that compounds represcuited by the formula 
RCH::]S[H, are aldehyde-alcohols rather than ald(ihyd(‘-acids. 

A discussion of the aldehyde-ethers rei)res(ml(Ml by (li(‘ forrtuila, 
RCH=NR', known as Schifi:* bases, is takam up laler. 

Hydrobenzamide, (C^H^CH-N) .CIKJJl,. In the following pages 
a fairly complete case is made in sup[)()rt of lli(‘ viinv I bat bydro- 
benzamide is an ammono benzaldehyde in so far as donblv bomhMl 
carbon to nitrogen is concerned and that in r(‘sp(M*t lo ilie (bird 
benzaldehyde group attached by way of tli(‘ two nilrogeii atoms to 
the rest of the molecule it is an acetal. AVe vamture to (*all bydro- 
benzamide a dibenzaldehydebenzylidene-acelal. 

Formation and Hyd?'olysis. The formation of by(]rob(‘nzamide 
by the action of ammonia on aquo benzaldehyde in accordama* with 
the equation, 


3 CeH/JH :0 + 2NH3 == (0,ri,Cll ) 3N, + 21 1 J ), 

is to be looked uoon as involving the annnoiiolysis of a(|iio Ikoi- 
zaldehyde to an ammono benzaldehyde-aeetal, wliil(‘ Ihe l■(.,•ipI' 0 (•ill 
conversion of hydrobenzamide into benzahhiliyde, as l•(‘|)re,sellled bv 
the same equation read from right to left, consisls in Ihe liydrolvsi’s 
of the ammono aldehyde-acetal to a(ino henzald(‘hy(|(>. A inmza'lde- 
hyde ammonia of the formula, (0„1L,<’11).,(()I1 1 (Nil i Ml is also 
known. > - . 

Action of Amjmentimj Aye,U>s. By healing h ydrohenzainide in 
liquid ammonia solution with ammonium azide fair yields of lo- 
phine and phenyl cyanide are obtained.- Bbenyl cyan'i.h, which is 
the anammonide of benzoic acid is formed by the nilridizing aclion 
of ammono nitric acid on the benzaldehyde-aeetal. Lopbine Las 
long been known as a product of the oxidation of hydrobenzamide. 

IS Chuck, Thesis, Stanford University, 1925 . 
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Hy tlie action of iodine and sodium carbonate on hydrobenzamide 
in benzene solution piienyl cyanide is obtained in its trimolecular 

A-Ctlofi of Ixcd uciiiij Accents. Uydi^obGiizamidG is Gasily rGduccd^'^ 
not to a single i)riniary alcoliol, howGver, as is tliG case with aqno 
benzaldeliyde and Avith benzylideneiminGj but to a mixture of two 
primary animono alcoliols, namely benzylamine and dibenzylamine, 
in a manner represented by the equation, 

(OoII,CII=N)o(3riC,Il5 + GH rz (C6 Hj 3CH2)2NH + CeH^CHoNH.. 

Act/lon of Alcohol. Just as aquo benzaldehyde is acted upon by 
ethyl aU'oliol in the presence of hydrochloric acid to form benzyl- 
idenediethylaeetal and water, so hydrobenzamide on similar treat- 
ment is converted into the same acetal and ammonia.-^ The close 
parallelism between the respeclive reactions is shown by the equa- 
tions, 

CJI,CnO + 2GMfiIL = + H 2 O 

((3,n,(riI)^^N2 + GOoH.OH = 3C,H,CH(0C2HJ2 + -NH 3 . 

Action of AiiiliNC. Many amines act on hydrobenzamide to yield 
products identical with those formed by the action of the same 
amiiK's on a<iuo benzaldehyde. Aniline, for example, reacts with 
hydrobenzamide and with a(]uo benzaldehyde as represented by the 
paiaillel eipuitions,-- 

(ty r,(di),]sf2 + :u 1,11, Nil 2 = :uyr,oiT-N(:yi, + 2Nir, 

(1,11,(1110 + ( 1 , 1 1 , NIL = (\,ir,(Mi-N(yi, + n.o. 

lhmzylid(‘n(‘a ni lin(‘, wliidi is lorimMl, is an animono aldeliydi^-tnluM*. 

A(^tiO}i of If jidrociidnio A (‘id. 1 lyilrobeiizainide forms an addition 
jiroduct with Iv'o inol(‘cnl(‘s of hydrocyanii' acid -" in the mannm* 
represcmUal by the (Mpialion, 

(;.ii,cii-(:iN 

\ 

(’,Ib,(’n-N NE 

/ / 

('JL.Cn + 2UCX = (’,11. ('E 
\ \ 

(^„n,CIEN 

(\1I,CH-CN 

nobin, Ann. Gtiim., 1.1) 1 16, 113 (11)21); Busch, Bcr., 29, 2144 (ISDO). 

“0 Fischer, Ann. (Jficni., 241, 32S (18S7). 

Lieke, Ann. Ohem., 112, 303 (1869). 

^2 Lachowicz, Monaish., 9, 035 (1888). 

23P16chl, Bcr., 13, 2118 (1880). 
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It is clear that the reaction thus represenieil is closely similar t( 
that which takes place when hydrocyanic acid acts on ordinary 
henzaldehyde to form mandelic acid nitrile, 

C,H,CHO + HCN = 0„H,Cn(01T) CN. 

The latter compound is a simple cyanliydrine. The former, in so far 
as the two CeH5CH(NH)ON groups are conc(*rne(l, is a, cyaimmiiie 
The hydrobenzamide hydrocyanic acid addii.iou i)ro(luct is at the 
same time an ammono acetal and is accordingly easily hydrolyzed 
by the action of dilute hydrochloric acid to ariiio henzaldehyde' and 
benzylidenecyanamine, 

[CeH,CH(NH)CN],CHCA + H.O = 2(1„lh,(ill (Nir..)CN + 

C^HjCHO. 

Action of Eydroooylamine. The aclion of hydroxylajiiine on hy- 
drobenzamide, which may be represented by the e(niai ion, 

(C,H,CH)3N, + 3H,N: OH = tlCJI.OlUN : Oil + 2NII,„ 

is closely similar to its action on a(|uo hetizald(‘hy(h>. Ihmzaldoxime 

is formed in each case; in the first with the (iliminal ion of ammonia 
in the latter of water.« .i"nnoni.i, 

Action of Sulfurom Acid. I>.y dissolving hydrolamzamide in ben- 
zene, adding two molecules of water [)er mohwnhi of ||i(> dialdchyde 
acetal and then shaking the mixture vvhih; passing a cnrreni of 'sul- 
fur dioxide a sulfurous acid addition i)ro(lnct is formed as rer.re- 
sented by the first step in the following scluam*,-'' 


(’„llr,(dI-KO.,()I| 


C.H„CH=N 


C'K TT TT ^ H'" )»» I I I ( ) 

C^H^CH 1-1 i^cip(;i[ L":!!, 

\ \ 

0„H,CH:N NH 

(I) / 

0„1L,U11 H().,OII 
(11) 

O^H^CIIO + 2C„n,ClI ( NH.. ) S( ).,() 1 1 . 

(HI) (iv)‘ ■ 

24Lachowicz, Ber., 22, 2888 (1889). 

Grieiidt, Thesis, Stanford Uiiiveraitv (']')‘'(n (<! Kh-)iii / 

Chem. Soo., 157 a oy. hliiiiii, J. 

3 J.O/ Utto, Ann. Chem., 112 305 (1850) 
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This addition product (II) is hydrolyzed by the action of water to 
aquo benzaldehyde and a compound (IV) which is obviously the 
ammonia analog of tlie benzaldehyde aquo sulfurous acid addition 
product, CoHoCH (Oil) fiOjOH. This latter compound is known 
only in the form of its alkali metal salts. The former is stable for 
the reason, presumably, that it is capable of forming a so-called 
inner salt. 

Action of Malonlc Acid. As cinnamic acid is formed by the ac- 
tion of maloni(i acid on benzaldehyde so also is it formed by the 
action of malonic acid on hydrobenzamide.^® The action of malonic 
acid on benzaldehyde is usually explained as consisting in an aldol- 
like condensation followed by loss of water and carbon dioxide to 
form cinnamic acid as represented by the scheme, 


C«TT,CHO + CIL(C 00 H),-^C,H 5 CH( 0 H)CH(C 00 H).-^ 

Con,CH=c ( coon) . c.HsCHichcooh. 

The format ion of cinnamic acid by the action of malonic acid on 
hydrobenzamide takes place in a similar manner. The scheme, 

C«H5 CH-CH(COOH)o 

c;n.cn=N coon nh 

/ / / 

( 5 ,j 1 d d ’ 1 c ^ 

(i„ir,,oihN (jooii ^11 

('„IL,(!n-CH(<JO 011 ), 




:>( \,\\A d I ( u cool I ) , -3;^ 2(\ir,cicciico( m, 

rei)r(‘S(‘iits, lirsi, an aldoMike eoiidensation taking place betwecoi 
the two ainmono ald(‘liyd(‘ groups in hydrobenzamide on the one 
hand and O\'o mol(‘cul(‘s of niialoni(* arid on th(‘ other; s(‘cond, tlu* 
deconi posi I ion ol* this hypotlnd ical coniponnd into Ikmizn 1 idcniedi- 
ainiiHs carbon (lioxi<l(‘ and cinnamic a(dd. l>y loss ot ammonia 
benzyl idcnuMliain i m‘ pass(‘s oven* into heiizylideiieimine which, react- 
ing with malonic* a(*id, gives a third molecnle of cinnamic acid, 


CJI,Cn(NlL), 


- N 1 I;. 


,c,,n,cn=NH 


OoH^o] K )ir Cl I ((X)oi [) , — c„ii/’n=c (cooH) „ 

0„H,UH=CH000n. 

20 Kiioeveiuigel, Her., 31 , 2596 ( 1898 ). 



250 


THE NITROGEN SYSTEM OF COMPOUNDS 


Action of PJienylmagnesium Iodide. Just as aquo benzaldeliyde 
is converted into diphenylcarbinol in accordance with the familiar 
scheme, 

so as represented by the analogous scheme, 



CeHsOHO + 2HQMgI, 
(IV) (V) 


hydrobenzamide (I) forms with phenylmagiiesiuin iodide* an addi- 
tion product (II) which on treatment with wa,tor is ]iydrolyz<‘d to 
benzhydrylamine (III), aquo benzaldehyde (IV) and l)asic mag- 
nesium iodide (Y).-^ 

In the one case an aldehyde group is reduced to an ah-ohol groui) 
while at the same time the phenyl gTOiij) is augm(‘nl(‘d from IIk* 
state in which it exists in phenylmagnesinni iodide* te) dial, in wliie-Ii 
it is present in the secondary alcohe)!; in the* e)llie*r twe) alele‘hyel(‘ 
groups are reduced simultaneously with llie augine‘nla lie)n oi' two 
phenyl groups. 

Benzoin Condensation. It has long l)eeu kne)wn lliat liyelre)l)e*ii- 
zaniide, when heated, is converted into an ise)me‘r kne)wn as amarine*. 
More recently it has been shown that the same e-e)nele‘nsal ie)ii lake*s 
place when hydrobenzamide is treated wilh a lieiuiel anmiemia, se)lu- 
tion of potassium amide.-® 

Assuming for the moment that amarine has the ce)nstilutie)n irp- 
resented by the formula (II) below it will be clear fre)m an inspec- 
tion of the equations, 

2" Busch and Leefhelm, t/, pra/v^. C7tem,, [2] 77 1 (1908). 

28 Strain, J. Am. Chem-. Soc., 49 , 1565 (1927).’ 
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CeH.OHO C^H^CHOH 
CoH.CHO CeHsCO 
C^HjCH^N 

\ 

^CHC„H, 

C„H,CH-N 

(I) 


CoHsCH-NH 


CoH.C^N 


(11) 


\ 


CHCeH, 


C0H5CH-NH 


\ 


CoH^CH-N 

(III) 




CC„H,. 


that tlie formation of benzoin from benzaldehyde and of compound 
(11) from hydrobenzamide involve closely analogous condensation 
reactions. In the first case, with the establishment of a carbon to 
carbon union, two molecules of benzaldehyde are converted into a 
mixed ketone secondary alcohol. In the second the same carbon to 
carbon union is established and at the same time a hydrogen atom 
from one of the aldehyde groups wanders to the nitrogen atom of 
the other thereby converting the one aldehyde group into a sec- 
ondary alcohol group and the other into a ketone group. 

Since Japp and Moir have shown that amarine has the constitu- 
tion represented by formula (III) it follows that the transformation 
of the assumed primary condensation product (II) into amarine 
involves an intramolecular Cannizzaro reaction. It is possible in 
the conversion of hydrobenzaiiiide into amarine that a (annizzaio 
reaction precedes a benzoin-like condensation, 


ChII,CH=N 


\ 


CJLCH=N 


c,ii,CH-Nn 






OHC,H, 




C«H,CH.rN 




cc,n,. 


(\JLCI1-N 


All interesting example of an intramolecular Cannizzaro reaction 
is ri^iireseiited by the equation, 


N=CHC«H, 

N^CHCeH, N 

29 Japp and Moir, J. Chem. Soc., 77, 639 (1900). 
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When dibenzylidene-ortho-plienylenediamine, which is an ammono 
benzaldehyde-etlier closely related to benzylidenepheiiyliinine, is 
heated above its melting point it undergoes an intramolecular re- 
arrangement which consists in the reduction of one of the benzalde- 
hyde groups to an alcohol group and the simultaneous augmenta- 
tion of the other to a benzoic acid group. The resulting co]iii)onnd, 
2-plienyM-benzylbenzimidazole, is a cyclic benzyl-o-plienylene ester 
of an ammono benzoic acid. It is a benzyl plienylene derivative of 
benzamidine.^° 

Schiff’s Bases 

Aldehyde-ethers and ketone-ethers of the general formulas, 
ECH=NK, and EoC^NE, in which E represents either alkyl 
or aryl radicals, constitute a large group of important compounds 
long recognized as possessing many properties in common with the 
aldehydes and ketones. The simpler members of the group are 
prone to polymerization. Methylenemethylimine, CHa^NOH.^, for 
example, is knovm only in its trimeric form, methylenephenylimine, 
CHo=NCyH-, polymerizes with the greatest ease, while others, such 
as benzylidenephenylimine, C 6 H 5 CH=NC 6 Hj 3 , show no such tendem-y. 
In general the Schifif bases may be reduced to ammono alcohols, 
ECH=NE + = ECHgNHE, and oxidized — excepting those of the 

formula, E^C^NE, which of course are ketones and not aldehydes — 
to carboxazylic acid esters, ECH=NE + 0 = EC (OH) NR. Many of 
them have been observed to unite with hydrocyanic acid, E(JII= 
NR + HCN zn ECH (NHE) ON, with acid sulfites, ECIRNR -f 
NaHSOg =z ECH(NHE)S020Na, with alcohols and plienols to form 
mixed aquo-ammono acetals, ECH::NE -f EOH =: ECU (NIIR) OK, 
and with primary and secondary amines to form ammono accdals, 
ECH=NR + ENH 2 = ECH(NHR )2 and ECIBNE + E^NI I = K( q I- 
(NHE)NEo. They react with hydroxylamine, KCUBNE -f I k.N : ()I I 
= ECH(NHE)NH : OH ECH=N : OH, with pheiiylliy(Ii*azine, 

ECH=NE + C,H,NH:NH 2 = ECH=N:NHCJI, + ENiI„ and wilh 
Grignard reagents, ECH=NE -f RMgBr = E.CII-N ( MgBr ) R. Fi- 
nally certain Schiif bases have been observed to undergo aidol con- 
densations, benzoin condensations and Cannizzaro reactions. It 
will be recognized that all the reactions thus summarized arc^ just 
those which characterize the ordinary aquo aldehydes. 

Since it would be obviously out of ])lace to enter luu'e upon an 
extended review of the large number of compounds included under 
the general designation of Schifi’s bases, we shall content ourselves 
with a somewhat detailed discussion of a few representative com- 

soHinsberg and Roller, Ber., 29, 1499 (1896). 

v/Povlf f formulas, RCH = N{RCO), R,C = N(RCO) and KCdl^: 
are also known. 
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pounds in order to supply specific examples of the above general 
statements. 

Methylenemethylimine, CHo^NCHg. Methylamine acts on form- 
aldehyde in accordance with the equation, 

OH.-O + CH3NH2 = CH^rNCHg + H.O, 


to form an ammono aldehyde-ether which immediately polymerizes 
to the trimeric form.^^ When volatilized the trimer apparently dis- 
sociates into the monomolecular form. Further than this but little 
is known of the properties of this compound. 

Methylenediphenyldiamine, CHo(NHC6Hr5) 2, and Anhydroform- 
aldeaniline, {CILfNCAi^) b- Formaldehyde reacts with tAVo mole- 
cules of aniline to form methylenediphenyldiamine as represented 
by the equation, CH.^O + 2CeH5NH2 = CH.CNHCgHJs + 
Containing two imino hydrogen atoms methylenediphenyldiamine, 
like methylenediamine and methyleneglycol, is unstable. It readily 
loses aniline and passes over into methylenephenylimine which in 
turn polymerizes to the trimolecular form known as anhydroform- 
aldehydeaniline, 


CH2(NnCon,)2 




3 CH. 




(CH.-NCcHs) 


just as formaldehyde and acetaldehyde polymerize to trioxymeth- 
ylene and paraldehyde respectively and as methylene nitride dimer- 
izes to hexaniethylenetraniine. 

V. Miller and Idochl have shown that aiihydroformaldehydeani- 
liiie, which, acting as monomolecular methylenephenylimine, shows 
characteristic aldehydic behavior as follows. First, it takes up 
aniline to form methylenediphenyldiamine in accordance with the 
equation, Cn2=N(\IlJ+ = b'n.lNHC.H.F- ^vhieh repre- 
sents a reaction analogous to that involved in the formation of alde- 
hyde ammonia by the action of ammonia on acetaldehyde. Second, 
it is hydrolyzed by the action of dilute acids to aquo formaldehyde 
and aniline, + H2O = 01120 -f F,.n-XH2. Third, under 

the reducing action of zinc and hydrochloric acid, it is converted 
into methylauiiine, (,'H2=NCt;n- -j- Uo — CH.XIIC.Tl-, a reaction 
which is analogous to the reduction of formaldohyde to methyl al- 
cohol. Fourth, hydrocyanic acid acts on methylenephenylimine, in 
a manner entirely analogous to its action on mpio formaldehyde, as 
represented by the e(iuation, 


and nroclict. Ooz/z/U. rend., 120, -140 (1S‘)3); Hull. 

13, 403 (IS!);')). 

Kbarliardt and Wt'ltor. Her., 27, (ISi)l) ; Biscliutr, Hxr.. 

(1.S9S); Kihnnr, Aun. 302, 249 {1S9S). 

34 V. Miller and Ploclil, Bcr., 25, 2020 (1S02). 


chiin., [d] 
31. 02.10 
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+ HCN = CH2(C]Sr)NHCsH5. 


Fifth, with hydrogen sulfide anhydroformaldehydeaniline does not 
react to give thio formaldehyde and aniline, or the addition com- 
pound, CH2(SH)NHCeH5, as" might be expected, but instead in ae- 
cor dance with the equation, 

+ H^S = S (CHs-NHOell,) 2, 

which still represents an aldehyde reaction in that it involves the 
direct addition of hydrogen sulfide. Finally, anhydroformaldeliyde- 
aniline has been observed to react with acid sodium sulfite to form 
an addition product as represented by the equation, 

CH.-NCeHs + NaHSOg = m.ONsiN' 

Ethylidenephenylimine, CH3CH=NC6H5. 1. This aldehyde-ether 
differs from methylenephenylimine in that it tends to undergo aldol 
condensation rather than to polymerize as the latter does. Two 
molecules react with each other in accordance witli the e(iuation, 

2CH3CH::NC6H5 CHgCH-NHCells 

CH.CHiNCeHs 

which obviously represents a typical aldol condensation. Accord- 
ing to Eibner®^ this compound has the constitution represeided by 
the formula, 

CH3CH-NHC6H5 

I 

CH^CH-NHCeH^ 

EihneFs lasG 

2. Aldol condensations may also take place between Scliiir banes 
and aquo aldehydes. For example, etliylidenexylylimiiu' and acet- 
aldehyde hare been observed to interact in accordance willi (he 
etiuation, 

CH,CIFNCJl„iCH„), + CHaCH^O = CIl3CH-NHC,n,((JlI,,) 

CH,CH=0 

-■•Eibner, Ann. Chem., 316, 12G (1001). 

Miller and Ploehl, Bc7\, 25, 2020 (1802). 

Eilmer, Ann. Chem., 3 I 8 , 58 (1001). 

38 V. Miller and Ploehl, Ber., 29, 1462, 1460 (1806) 
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3. Ethylideneplienylimine reacts with sulfiiroiis acid as repre- 
sented by the equation, 

CHsOH^NCeHg OH 3 CH (NHC^HJ SO,OH 

Benzylidenephenylimine, Benzalaniline, Benzaldehydeanil, 
CoHsCIENCoHr,. Our assumption that this compound is an ain- 
mono beiizaldehyde-ether is supported by a wealth of observations 
some of which are summarized herewith.^^^ 

Preparation. Benzylidenephenylimiiie has been prepared by the 
action of aniline on benzaldehyde, on benzylideneimine and on hy- 
drobenzamide. It has furthermore been obtained by the reducing 
action of metallic magnesium on phenylbeiizimidechloride and by 
the oxidizing action of potassium permanganate on phenyH)enzyl- 
amine. The equations, 

cy:T,C(Cl)NC„IL±'ii C,n/J(MgCl)NCA-^^g 3 ^ C„H,CHrNO„H, 

represent respectiv^ely the reduction of a derivative of benzoic acid 
to a derivative of benzaldehyde and the augmentation of a benzyl 
alcohol group to a benzaldehyde group. 

Hydrolysis. Benzylidenephenyliinine is hydrolyzed by the action 
of dilute acids to benzaldehyde and aniline, 

C„H,GH-NCoH 5 + 11,0 = C„H,CnO + C„H,,NH„ 

which is to say that an aiuniono benzaldebyde-etlier is hydrolyzed 
to a<iiio benzaldehyde and an animono alcohol (aumiouo j)henol). 

Ammonolysis. Strain^' has shown tliat benzyl idenepbeny limine 
is converted practically completely into amarine and aniline when 
allowed to stand in solution with ammonium chloride in li(|uid am- 
monia. The reactions involved take place in two .steps, the first 
consisting in the ammonolysis of the aldehyde-ether, 

O.H/JHiNCeHj + NH, = CeH.C&NH + 0 

the second in the benzoin condensation of the benzylideneimine thus 
formed to amarine (p. 44). 

39 Eibner, Ann. Cliem., 316, 121 (1901). 

^0 Of Beilsteiii, “llaiulb. org. Chora. y 4th Ed., 12, 19S (1929). 

41 Strain, J. Am. Ohem. Soc., 50, 2218 (1928); Thesis, Stanford University 
(1927). 
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Reduction. Benzylidenephenylimine lias been reduced to bydro- 
benzoinanilide, 

C„H,CH-NHCeH, 


2C,H,CH=NCeH, 


+2H 


0„H.CH-NHCeH„ 


and also to pbenylbenzylamine, 

CeHgCH-N-C.Hs CoHsCH^-NH-CsH,, 

after tbe manner of the reduction of aquo benzaldehyde to hydro- 
benzoin and to benzyl alcohol. 

Addition Products. Benzylidenepheuyliniine forms addition 
products with hydrocyanic acid, 

CeH^CHiNCA + HCN = OaH,CH(NHC,H,)CN, 

with sulfurous acid, 

+ H2SO3 — CeH5CH(NHCeH,) SOoOH, 

with acid sodium sulfite, and reacts with phenylhydrazine, 

CeH.CHiNCeHs + CeH^NH : NH^ = CeH.CHiN : NHC JT, + 

CeH^NH,, 

after the manner of the action of the respective reagents on a(iuo 
benzaldehyde. 

Action of Malonlc Acid. Malonic acid acts on benzylidenej)lienyl- 
imine to form cinnamic acid closely after the manner of its action 
on aquo benzaldehyde and on hydrobenzamide (p. 1^4()). 

Grignard Reactions. Methylmagnesium chloride forms an addi- 
tion product with benzyliudenephenylimine, which on liydi-olysis 
yields a secondary ammono alcohol, 

CACH.NCA CA(CH3)CH-N(MgCl)C„H,-^^;^^ 

CeH,(CH3)CH-NH-CeH,.^= 

Closely similar reactions are involved in the formation of diphenyl- 
carhiiiol from a(iuo benzaldehyde and of henzhydrylaniiiK^ from 
hydrobenzamide (p. 250). 

42 This compound is an ammono secondary alcohol and at the same time an 
ammono phenol. 
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Aldol Condensations, With certain aquo ketones benzylidene- 
phenylimine undergoes the aldol condensation, with methylethyl- 
ketone, for example, as represented by the equation, 

CeHsCHiNCeHg + CH3-CO-C2H5 CeH5CH(NHCeH5)CH2CO-C,H5. 

Benzoin Condensation, Strain has shown that when benzylidene- 
phenylimine is digested in liquid ammonia solution with potassium 
cyanide it undergoes a benzoin condensation. 


2C,H,CH=NCeH3 


C,H,CH-NHCeH, 

CeH,C=NCeH, 


to form a compound known as benzoinanilanilide. Benzylidene-p- 
tolylimine undergoes condensation in a similar manner. 

Benzoinanilanilide, w^hich is a diphenyl derivative of an unknown 
ammono benzoin, was first prepared by Lachowicz^^ by heating a 
mixture of aniline hydrochloride and benzoin. The reaction in- 
volved is represented by the equation, 


OeH^CH-OH 

I 

C„H,CiO 


+ 2CeH,NH, = 


C,H,CH-NHC,H, 

I -]- 2HoO, 


Aquo benzoin is converted, in principle aiiimonolyzed, to a diphenyl 
derivative of its nitrogen analog. 

Strain found that benzoinanilanilide is hydrolyzed to benzoinani- 
line. 


C,H,CH-NHC,H, C,H,C=0 

I ' ' + n,o 3= I + 

C,H,C=NC,n, CJi,C=HNC,n- 

when heated with alcoholic hydrochloric acid and that, in li(inid 
annnoiiia solution, it is uitridized by the action of iodine to benzil- 
dianil, 


OJT.CH-NHCAH, C,H,C=NC,H, 

I + 12 — I + -HI. 

C,n,C:NC,H, 0,H,C=NC,H, 

Cannizzaro Reactions. ^Adlen benzylidenephenyliinine and potas- 
sium amide are brought together in Ihiuid ammonia solution N- 

43 Lachowiez, Monatsh., 14, 281 (1893). 
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benzyl-N'-pIieiijlbeiizainidine and aniline are formed as represented 
by the equation, 

2C,E[,CB.^C,Bi, + NH 3 := OeH^C (NCH.CcHJ NHG.EL, + 

C3H3M,. 

Without going into details of the reactions concerned, which have 
been discussed by Strain, it is clear that the formation of the 
phenyl benzyl ester of an ammono benzoic acid involves a Canniz- 
zaro reaction in that a benzylidene group of the one molecule of 
benzylidenephenylimine undergoes reduction to a benzyl group while 
simultaneously the benzylidene group of the second ni()le(mle of the 
aldehyde-ether is augmented to a benzoic acid group. Under simi- 
lar conditions Strain converted benzylidene-p-tolylimine into benzyl- 
p-tolylbenzamidine and p-toluidine. 

Cyclic Aldehyde-Ethers and Cyclic Ketone-Ethers. Siiu'e pyri- 
dine and quinoline when represented by the formulas, 


CH=CH 


/ \ 

OH N 

\ / 


CH-CH 


CH-CH 

,/ 

■4 

\ 

NzzCH 


contain the group ECH^NR' it might be expected that they would 
be found to show aldehydic properties. Similarly the ])res(uic(‘ of 
the group, RR'C=NR", in 2-methylpyridine and in 2-inel hyhiuino- 
line should lend to these compounds some of the chara(‘l(‘ris( ics of 
the ketones. That such is the case has been shown by Ihu-gslrom 
and his coworkers.*^^ 

44 Bergstrom and McAllister, J. Am. Chcm. Soc., 52 2845 (1950) ; ()<nr {iiid 
Bergstrom, J, A 7 n. Ohem. 80 c., 53, 1840 (1931) ; Bergstrom, J. Am. (Uicm"^ Hoc 
53, 245, 3027 (1931). 
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KETOXE-ALCOHOLS AND KETONE-ETIIEES^. 

In view of the behavior of formaldehyde and acetaldehyde toward 
ammonia one might expect to find some one or more of the com- 
pounds represented by the formulas, (CITJ oC(NIL ) OH, ((HI.J.- 
0 ( Nil, ) „ f OH, ) ,C=NH, [ ( OH, ) ,0=NH ] „ ^ [ ( OIL, ) ,C ] ,N, and 
[ (CH3),C] (.N4, among tlie products of the action of animonia on 
acetone. Apparently, however, none of these compounds has been 
so prepared.^ Three definitely characterized comp(junds, namely, 
diacetoneamine, triacetonedianiine and triacetoneimiiie represented 
by the respective formulas, 

( CH 3 ) ,C ( NH, ) CHyCO-CHs 
( CH, ) ,0 ( NH, ) CH,-CO-CH, ( NH, ) ( CH, ) , 


(CH3) 




C(CH3), 


OH,-CO-CH, 


liave been obtained by the action of ammonia on acetone. For the 
present purposes it will suffice to note that these compounds are 
aldol condensation })roducts derived from acetone. 

Ammono Ketone-Alcohols, R,('=NH. Fonnatio}!. Ih'oceeding on 
the surmise that it might be possible to ammonolyze a<pn) ketones 
to ammono ketone-alcohols as represented ])y the e(|uatioii, 

llX^zQ + NH, = K,( ’=NH + 11,0,-' 

Strain^' heated acetophenone in li(iuid amiiionia solution with the 
result that a small amount of acetophenoneimiiie was obtained, 

CJL(CH,)(AO + NH, = C^JCIUC^ll + 11,0. 

1 IC\{)(‘riin{Mil id obstM'Vid ions r(*])()rt(*(l by Jlioinui* 1.1 >v//. PIkidh., 243, 3!d. 204, 
:;03 iOid uor) (lOUr)) 244, <>43 jouI (if);} ('lonu) 1 to the ellVet tliiit a iH>iisi(U*rii)jle 

iiuiiiher of ketones ar<' ;ieti*(l upon by animoniii in aeeonbinee witli the e(|Uiition, 
;nb.C() -k 2XH;. — ( CAd -f 311. ,(), liave becui severely eritieized by W. Traube 
[Arch. P/iarnii 246, '<><><) (lOUO) and Jiaz, 42, M'20S (1000) 1. 

Li is known that the kidiinines are easily hydrolyzed to ktdont^s iiiid aninionia 
as represented by the above eipiation read from right to left, 
y Strain, J. Am. Chcm. Soo., 52, 820 (lOOO). 
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Wlien the solution of acetophenone was heated in the presence of 
ammonobasic aluminum chloride;, which acts as an efficient water 
absorbent, the yield was increased to thirty per cent. By treating 
benzophenone in a similar manner Strain obtained good yields of 
benzophenoneimine, ( CgHg ) 2 C=NH. 

Benzophenoneimiue has also been prepared by heating benzo- 
phenone chloride with urethane/ and by the action of ammonia on 
benzophenone bromide.® In the one case urethane may be said to 
function as an ammonolyzing agent, 

(CgHJ.CCL + H.NCOOCoH, = -f CO, + 

nci -f 

in the other the ketone-bromide is ammonolyzed to a k(‘l, one-alcohol 
by the action of ammonia, 


+ NH 3 ^ (0,11,), C-NE + 2HBr. 


Mignonac ® obtained ketimines in moderate yields by passing ketone 
vapors mixed with ammonia over thoria heated to teinj)eratures of 
300° to 400°. Benzophenone, for example, has thus been ammono- 
lyzed to benzophenoneimine and water as represented by the cipia- 
tion, (OgHJ^C-O + NH 3 = (CeHs) .C-NH + H.O. 

Several aromatic and mixed aliphatic aromatic ketimines have 
been prepared by carefully hydrolyzing the products of tlu^ action 
of Grignard reagents on nitriles, benzophenoneimine for instance 
in accordance with the scheme, ^ 


CeH.CN 




(CeHJ^CiNMgBr- 


+ ir,.o 




An acid anammonide is thereby converted into an animono k(d.one- 
alcohol in a maimer closely resembling tlie reduction of aceiic an- 
hydride to methylethylketone by way of the zim* ethyl addition 
product.® 

Cornell^ obtained benzophenoneimine by trealing IVIoureu and 
Mignonac’s benzouitrile phenylmagnesium bromide^ addition prod- 
uct V ith liquid ainnioiiia thereby obtaining benzo[)h(*non(dniine in 
a medium free from water. 

Cornells obser\ations have been conhrmed by Smith vv'lio has 

^Hantzscli and Kraft, Bcr,, 24 351G (181)1) 

^5 Moore, Bcr., 43, 504 (1010). 

^Mignoruic, Compf. raul, 169, 237 ( 11)11) ). 

‘ Moureu and Mignoiiae. Ann! ('him., [!)] 14^ 320 (11)20). 

s OraniclitstUdten and Werner, Momlnh., 22 ’310 (11)01 

»Corndl, Thesis, Stanford I'liivorsity (11)20). 

10 G. E. P. Smith, Jr., Thesis, Stanford University (11)30). 
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shown also that acetophenoiieimine is obtained in fair yield when 
the product of the action of phenylmag*nesium bromide on acetoni- 
trile is treated with liquid ammonia. The reactions here involved 
are represented by the scheme, 


CH3CN 


4-C6IT5 Mm-Bi‘ 


C,H3(CH3)C=NMgBr 


+KH3 



-HoNMi;P»r 


C,H,(CH3)C-NH 


Reactions. Little is known of the chemical behavior of the sim- 
pler ketimines other than that they are hydrolyzed with the great- 
est ease to aquo ketones and ammonia and that a few of them have 
been found to react with hydrocyanic acid to form cyanamines, with 
hydroxylamine to form ketone oximes and with phenylhydrazine to 
form phenylhydrazones. Smith has shown that benzophenone- 
imine for example reacts with these reagents as represented by the 
respective equations, 


(CeH,)oC=NH + HCN = (CeH3)X(NH3)CN 

(CeH3)oC=NH-fH3N:OH== (C^H,) oC=N : OH -f NH3 

(C3H3) + CeH.NH : NH^ = (CeH,)X=N : NHC^H, -f NH3, 

to form respectively a ketone cyanamine, a ketone oxime and a 
ketone phenylhydrazone. 

Auramine. A somewhat more complicated ketimine which shows 
the properties of an ammoiio ketone-alcohol is the familiar d^estu^f 
known as auramine or tetramethyldiaminobeiizopheiioneimine. This 
(‘ompound is formed by the action of ammonia (aminoniuiii chloiide 
in the presence of zinc chloride), on ^liohler's ketone and, inversely, 
is hydrolyzed to the latter by the action of dilute acids as rei)re- 
seated by the reversible equation,'^ 

[(Cll3)3NCJl4]3C-NH + IIJ). 

\ccordin<»“ to Fehrmaiin auramine reacts with hydrogen siiltide to 
form the'thio ketone, [ (CILJ ^NC.H,] XS, and 011 treatment with 
aniline is converted into the ammono ketone-ether [ (CU. j .NC JIJ 
C=NO,JI-. Furthermore, auramine forms an addition product with 
hydrogen cyanide, [ (CH:,) AHNHj and is reduced to 
leucauramine, [ (CH3) which is a secondary ammono 

alcohol. 

Ammono Keione-Ethcm, K.CHiNE. Among tlie known coiu- 
poands of this general foriuula are isopropylideneidienylinane, iso- 

loaG. K. r. Smith, Jr., Thesis, Stiuiford tlnivorsity (liK'hVj. 

11 Fehrmami, Btr., 20, 2847 (1SS7). 

12 Albrecht, Ber., 27, 32U4 (1894). 
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lated from the mixture resulting from the action ol aniline ( 
acetone, (CHJoC^O + == (0n,),( + 11,0,^-'^ ai: 

benzoplienoneplieiiTlimine, which lias been prepared by Ihe a(‘ti( 
of aniline on benzopheiionedichloridej 

{C,E,),CGl, + CANH, = (C,H,),C=NCJT, + 21TC1,^‘^ 

on benzophenone, 

(OgHJoaO + = (0,H,)2C=NCJT, + 

and on benzophenoneimine, 

(CeH,).C--NH + = (C,HJ,C=NC,n, + NIJ,. 

Another ketone-ether, known as benzylacetophenoneiinine, is forme 
by the action of benzylamine on acetophenone.^ 

All these ammono ketone-ethers are readily liydrolyzed l)y the a< 
tion of dilute acids to the respective aqiio ketones and amine! 
Benzophenonephenylimine has been observed to form an additio 
product with hydrocyanic acid/^ 

+ HON izr (Cenj.C (NIICJTJ ON, 

and to react with phenylhydrazine to form benzophenoneiihenylh;) 
drazone and aniline,^® 

( CeH^ ) + CeH.NH : = ( 0,11, ) F, + 

It is interesting to add that ammono ketone esters of the ty|)e re| 
resented by the formula, (CeHJ.C^NCOCir,, have been prepared.- 
This compound readily hydrolyzes to benzophenom^ aiadic add am 
ammonia. 

isRiehm, Ann. Chem., 238, 10 (1887). 

14 Pauly, A?m. Cheyn., 187, 199 (1877). 

i^Niigeli, Bull, soc. chim., [2] 21, 785 (1899); Graobo, B<r., 32, KiSO (ISO!)) 

16 Hantzsch and v. Hornbostel, Ber., 30, 3007 (1897). 

17 V. Miller, Plochl and Rohde, Ber., 25 '2050 

18 Ott, Alonatsh., 26, 347 (1905). 

16 Moureu and Mignonac, Ayin. Chim., [9] 14 ^ 340 (1920). 
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CARBAZYLIO ACIDS. 

Acid Amidines. Just as the scheme, CH3C(OH) 3 CH3COOH •-> 
(CH3C0)20, is sometimes used to show the relations between ortho 
acetic acid, ordinary acetic acid and acetic anhydride, so one may 
write the analogous scheme, CH3C(NH2)3 CHgC (XH)XH2 ^ 
CH3CN, to represent the deammonation of an hypothetical ortho 
ammono acetic acid successively to acetamidine and methyl cyanide. 
These two compounds thus appear as the nitrogen analogs of ordi- 
nary acetic acid and acetic anhydride respectively and as such are 
to be regarded, the one as an ammono acetic acid, the other as an 
acetic acid anammonide. Formaniidine, HC(XH)XIl2, is an am- 
mono formic acid, benzamidine, is an ammono 

benzoic acid while the acid amidines in general as nitrogen analogs 
of the carboxylic acids may be fittingly called carbazylic acids. 

The methods of preparation and the general behavior of the acid 
amidines support the formal relations indicated above to the effect 
that they are, so to speak, the carboxylic acids of the nitrogen 
system. 

Formation. 1 . Pinner^ first prepared acid amidines by the ac- 
tion of alcoholic ammonia on iniidoester hydrochlorides. Acetami- 
dine, for exampUs is formed by the action (^f ammonia on acetimido- 
ethyl ester hydrochloride as represented by the ecpiatiom 

+ cjr.oii. 

in a(‘cordance with which an O-ester of an aiiuo-animoiio acetic acid 
is ammonolyzed to an amiuoiio acetic acdd and a(pio eth\l ah'ohol. 

2 . Looking upon acetamidine as the nitrogen analog of acetic 
acid it should be possible to convert the latter into the former by 
the ammonolytic action of ammonia. Accordingly it has hemi 
found that a(‘etamidine hydrochloride is formed when a li(inid am- 
monia solution of ainmoiiium acetate and aniinonium chloiide is 
heated for a time at a temperature of to ldO\ The reaction 
involved consists in the animonolysis of aiiiio acetic acid to an am- 
mono acetic acid as represented by the e^iuation, 

1 Pinner, “Die ImidoaetUer und ilire Derivate,” Berlin, 1892. 
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CH 3 COOH ^^CH3C0NH, G1L,C ( Nn ) NILr 

Antedating the observations of Chnek, Fi(‘litei* « found that ac( 
amidine nitrate is formed when a liqnid aininonia, solution eontai 
ing acetamide and ammonium nitrate is heated at 1-70”. 

3. Under ordinary conditions the nitriles do not unite with ai 
monia to form amidines as they might he expeeled to do on t 
assumption that they are acid ananimonides. It liapjiens howev 
that the expected reactions take place when ni (riles are luxated wi 
ammonium chloride in liquid ammonia solution. Uorneir' foin 
that propionitrile and benzonitrile when so (related are ])artly co 
verted respectively into propionamidine and bcmzainidine. The fc 
mation of benzamidine from benzonitrile, 

CcH.ON + NH 3 = C«H,C (NII)NIL, 

may be said to consist in the ammonation of Ixnizoie anammonii 
to ammono benzoic acid. 

4. Acetamidine nitrate is among the pi'oducts fornuMl at the ano 
when a saturated solution of ammonium earhonatc' eonlaining 
relatively small amount of ethyl alcohol is subje(‘((Ml (o (^(‘clro^ 
sis.® Fichter represents the reactions involved as follows, 

CH3CH3OH CIT3CIUO ( q 1 3( d I ( N 1 1 , ) 0 1 1 

or cn 3 CH=Nn m,i x > n 1 1 , ( q i ,< q n 1 1 > x 1 1 ,, 

in accordance with which it may he said (hat- (irs( and last a,(i 
ethyl alcohol is augmented (0 ammono a,c(qi(‘ acid. 

5. Fichter furthermore obtained aetdamidim^ h>’ (li(‘ aclion 
oxidizing agents, such as calcium ]KM-mangana ((‘ and ammonii 
persulfate, on ethyl alcohol and on ac(dal(htiyd(‘ in ammonia( 
ammonium nitrate solution. 

Dearnmonation. When formamidin(‘ hydiax-h lorid(‘ is h(‘al(Ml 
breaks down to form hydrocyanic acid and ammoniuin chlori 
which is to say that ammono formic acid niid(‘rg()(‘s (hsammonati 
to yield formic anammonide and ammonia, 

IIC(NII)NIL=: IK^N 

Under similar treatment henzamidiiu' yi(dds Ixmzonil ril(\ cya])l 
nene, which is trimolecnlar Ixmzoic anammonid(\ and amnion 

2 Unpublished observations by Faw Yap Cliuck. 

3 Fichter, Z. E lek troche m., 18, G52 (lUFi). 

4 Cornell, J. Am. Chem. 8oc., 50, a:il7 (1928). 

5 Fichter, Z. Electrochem., 18, 052 (1912). 
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Pinner ® prepared an ammono dibenzoic acid of the formula, {CqRs- 
CNH)2NH, which he named dibenzenjlimidoimide, by the deammo- 
nating action of acetic anhydride on benzamidine. 

Hydrolysis, By the action of warm water acetamidine is con- 
verted into aquo acetic acid and ammonia, 

0 H 3 C(NH)NH 2 + 2H2O = CH3COOH 2NH3, 

while phenylacetamidiue, under similar conditions yields phenyl- 
acetamide and ammonia. In the one case the ammno acid is hydro- 
lyzed to the aquo acid, in the other the hydrolysis stops with the 
formation of the mixed aquo-ammono acid. At higher tempera- 
tures phenylacetamide is of course hydrolyzed to aquo phenylacetic 
acid and ammonia. 

Metallic Salts. As acids the amidines are far too weak to show 
acid properties in water solution. Indeed they are generally spoken 
of as strong bases, though they are bases only in the sense that 
they unite with acids as ammonia does to form salts and that in 
solution in water they show an alkaline reaction. 

Investigations conducted in this laboratory have shown that in 
liquid ammonia the acid properties of the amidines are clearly in 
evidence to the extent at least that they react with the alkali metals 
and their amides to form metallic derivatives. Benzamidine, for 
example, reacts with metallic potassium and with potassium amide 
in accordance with the respective equations, 

0 ,H,C(NH)NH 2 + K = CJLC(XH)NnK + II 
CGHgC(NH)NH2 + KNHo — C,H,C(NH)XHK + XIL, 

lo form monopotassium ainmonobeiizoate. 

Metallic salts of the amidines are also formed when nitriles, 
which are carbylic acid anammonides, and metallic amides are 
brought together in Ihiuid ammonia solution. Just as acetic an- 
hydride acts on potassium hydroxide to form potassium acetate, 
so acetonitrile reacts with potassium amide in accordance with the 
equation, ClIvjCN -f- KXHo — CII..C ( Nil ) XHK, to form a nitrogen 
analog of ordinary potassium acetate, namely, a potassium acetaini- 
diiie. 

Although formally acetamidine is a tribasic acid it has not been 
possible, even in the ])resence of a large excess of potassium amide, 
to reidaee more than one of the hydrogen atoms by metal. A hen, 
howevxu*, the stepwise retrogression of the acidity of the three hy- 
drogen atoms in a fairly strong tribasic acid such as orthophos- 

G Pinner, Bcr., 8, S (1878). 
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phoric acid is recalled, it is not surprising to find such weak acids 
as tke amidines functioning as monobasic acids. 

Excepting as otherwise indicated the salts listed below have been 
prepared by the action of metallic amides on nitriles using liquid 
ammonia as a solvent. With the exceptions noted all these salts 
are soluble in liquid ammonia from which they separate well crys- 
tallized and of sharply definite composition. All undergo hydroly- 
sis in the presence of water to form the respective acid amidines, 
metallic hydroxides and ammonia.’’ 

Potassium Ammonoacetate, CH3C(N^H)NHK, has been ijrepared 
by the direct addition of potassium amide to acetonitrile, as noted 
above and also bj’ the action of potassium amide on acetamidine 
hydrochloride. 

Sodium Ammonoacetatey CH3C(NH)NHNa. 

Potassium Ammonopropionatey CH3CH2C(NH)NHK. 

Sodium Ammonopropionate, CH3CH2C(NH)NH]S[a. 

Calcium Ammonopropionate^ [02H5C(NII)NH] .Ca. Tliis salt 
was obtained in the form of a microerystalliiie powder by the action 
of a liquid ammonia solution of propionitrile on the practically 
insoluble calcium amide. The specimen analyzed contained a con- 
siderable admixture of unchanged calcium amide. 

Potassium Ammono-n-hutyratG, C3H70(NH) NIIK. 

Sodium Ammono-n-Tjutijrate, C3H7C(NH)NHNa. 

Potassium Ammono-n'Valerate^ O^HcjC (NH) NHK. 

Potassium Ammono-iso-caproate, C5H11C (Nil) Nil K. 

Potassium Ammonopalmitate, Ci3H3iC(NIT) NIIK, s(q)a,ral(\s as a 
bulky, amorphous precipitate when the nitrile of palmitic! a.cid and 
potassium amide are brought together in Ihpiid ammonia, solid ion. 
Potassium AmmonopheJiylacetate, Cyllr.CII^C ' ( NH ) N I IK, 
Potassium Ammono-p-tolylacctate^ Cll30^^1J.iCH3( ' ( NI I ) N 1 1 K. 
Dipotassiim Ammonosuccinate^ KHN (Nil) OOI L tJI ly < ' ( Nil ) - 
NHK, appears as an insoluble precipitate when succinoiiitrile and 
potassium amide are brought together in liquid amTuoiiia, soliilion. 

Potassium Ammonolcmoate, CeIl5C(NiI)NIlK, has been ])re- 
pared by the action of benzamidine on metallic ])o<assimn and on 
potassium amide, and also by the action of benzonitril(‘ on polas- 
siiim amide. 

Sodium Ammonolenzoate, C3H,C(Nn)NltNa,. 

Calcium Ammonohenzoate, [C3H3O (Nrr)NlI bas been oh 
tained as an insoluble microcrystalline powder by digesiing calciniu 
amide with a liquid ammonia solution of benzonitrile. 

Silver Ammonolenzoaic, C3ll50(NH)NIIAg, separales as a, pro 
cipitate when silver nitrate and potassium benzamidine are broiigiil 

7 Benedict, Thesis, Stanford University (1924); Cornell, d. Am, Ghcm. ^oc. 
50, 3311 (1928). 



CARBAZYLTG ACIDS 


267 


together in liquid ammonia solution. The same salt is formed as 
a, precipitate when sodium hydroxide is added to a water solution 
containing henzamidine and silver nitrate.® 

Cupric Ammonolenzoatey [C6H5C(NH)NH]2Cu, is formed as a 
green precipitate when potassium henzamidine and cupric nitrate 
are brought together in liquid ammonia solution. 

Cuprous Ammowhenzoaie^, C6H-C(]SrH)NHCu. In alkaline solu- 
tion, that is to say in the presence of a small amount of potassium 
amide, the green cupric ainmonobenzoate is converted into the color- 
less, insoluble cuprous salt. Cupric copper is reduced to the cuprous 
state, while simultaneously ammonia is augmented to nitrogen. The 
reactions over all may be represented by the equation, 

3 [C,H,C(NH)NH]oCu -f NH3 - + 

3 CeH 5 C(NH)NHCu-f N. 


Potassium Ammono-p-toluate^, CHaCell^C (NH) NHK. 

Potassium Ammonodibenzoate (Pyroheuzoate) , (C6H5CNH)2NK. 
This potassium salt of Pinner's dibenzenylimidoiinide has been ob- 
tained by dissolving the acid, which is practically insoluble in liquid 
ammonia, in a solution of potassium amide. The salt is very soluble. 

Sodium .1 mmonodlbeuzoate, {CeH^CNHloNNa. The insoluble 
acid and the slightly soluble sodium amide, in contact with liquid 
ammonia, pass rapidly into solution to form the moderately soluble 
sodium salt. 


Cyclic Carbazylic Acids. Examples of cyclic carbazylic 

CHyCHNH) 


acids are succinimidiiie, 


C(NIT) 

/ \ 

Nil. Imidazol, 

c(Nn) 


(TI.r(^(XII. 

CH-N 


Nn and ])hthalimidine, 


CH, and henzimidazole, 


/ 


CH-NH 


N 


\ 


OuHj (’II, iire cvclic ainmonoforinafes. Metallic salts of all 

\ / 

NH 

four of these coinpoiincls have been prepared. 


8 Pinner and Klein, Her., 11, 6 (1878). 
y Pinner, Ber., 11, 8 (1878). 
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Pyrogenetic Decomposition of Carbazylic Acid Salts. If po- 
tassium acetamidine be looked upon as a ])otasshnn salt of an ain- 
mono acetic acid it follows that just as ordinary potassium acetate 
when heated with potassium hydroxide yields methane and potas- 
sium aquocarbonate so on heating a mixture of i)otassium ammono- 
acetate and potassium amide one might ex])ect to observe the for- 
mation of methane and a potassium ammonocarbonate. As a mat- 
ter of fact this is just what happens. Methane and dipotassium 
cyanamide are formed. The parallel reactions, which may be said 
to involve the augmentation of carbylic acid ('arbon to carbonic acid 
carbon and the simultaneous reduction of methyl carbon to me- 
thane carbon^ are represented by the equations, 


CH3COOK -f KOH = CH, + K.CO,, 

CH3C(NH)NHK -f KNH. zn CH, + ICON, + NIT^. 

The reaction thus represented is moreover a general one since 
CornelP° has found that the potassium salts of propionainidine 
n-butyramidine, n-valeramidine, isocapronamidim^ and i)enzamidine 
wdien heated with potassium amide, rea(‘t to form di[)()lassium (*va,n 
amide on the one hand and ethane, pro})ane, bulane, isopentane 
and benzene respectively on the other. Pnrtlierniore Ixm/ame anc 
sodium cyanamide are obtained as reprc^senkMl by tlu‘ equation 
CqHsCN - j- ^NaNHo = C^Hq -|- N a^ONo “|- N1 13, when benzoniirih 
(benzoic anammonide) and sodium amide are bealcMl logcdher in j- 
closed tube. It is reasonable to assume that a, sodium sail of ben 
zamidine is formed as a primary jumduct. 

Kirkish has recently shown that phenylacetonitrile and pdolno 
nitrile when heated with sodium amide yi(‘l(l (olmme and sodium cy 
anamide and that /^maphthonitrile yields napidhalene and sodinii 
cyanamide. In each case nitrogen, hydrogim and oOku* i>yrogcni< 
products are also formed. 

Finally just as hydrogen and potassium carbomdc ar<‘ formed ii 
accordance with the familiar e(piation, 


nCOOK + KOI! =: II, + KVh),, 


when a mixture of potassium formale and i)olassium hydroxide i 
heated, so heating a mixture of potassium formaniidine'and i)ob‘u 
slum amide should result in the formalion of a, poiassium amnion 
carbonate and hydrogen. A potassium salt of ainmono formic avi 
has not been made. However, when formarnidine hydrochloride i 


10 Cornell, J. Am. Chem. ^oc., 50, 3a II (11)28). 
iiKirkisli, Thesis, Stanford UnivWsity, 11 ) 31 . 
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heated with sodium amide, sodium cjanamide and hydrogen are 
formed as represented by the equation, 

HC (NH) + SNaNH^ = + Na^CNo + MB., + NaCL 

When formimido ethyl ester is similarly heated with excess of po- 
tassium amide, hydrogen gas and potassium cyanamide are among 
the products formed.^^ 

The reactions involved in the conversion of formamidine into 
sodium cyanamide and hydrogen resemble closely those which take 
j)lace wlien sodium cyanide and hydrogen are formed by the action 
of fused sodium amide on sodium cyanide. It is not unreasonable 
1o assume that sodium amide acts on sodium cyanide to form a 
disodium ammonocarl)onite which b}' intramolecular nitridation 
and reduction yields disodium ammonocarbonate and hydrogen, 

C: =N- Na + NaNH^ = NaH* -C- ^NHNa NaN= :C: =NNa. 

Esters. Kegarding the acid amidines as ammono acids it follows 
that their alkyl and aryl derivatives are to be looked upon as carba- 
zylic acid esters. It will suffice prOvSent purposes to show that the 
methods of preparation and the ammonolytic and hydrolytic be- 
havior of a limited number of representatives of the four classes of 
compounds represented by the formulas, (11 KC(NH)NHK, (2) 
K(UNR)NHK, (A) KCiNHlNK,, and are in harmony 

with this view. 

(1) BO { N H)Y HR. Three methods for the preparation of mem- 
bers of tlie first class of compounds are represented by the e(iiiations, 

C,JI,CN -f < CJI,C(NII)NHC,H3 

CJT,C(Cl)NC,n, + NH3 =: C,H,C('NH.)NC,rL + liri 
(yrr(Nri)Nir, + rji,i = (\ii,(pnii.)2sII<^jl + iii. 

In ax'cordance witli the first equation a phenyl ammonoheiizoate 
is formed by the action of an ammono alcohol (ammono i^lienol) on 
benzoic anammonide in a manner closely resembling tlu‘ formation 
of phenyl aquobenzoate and aipio benzoic acid by the action of 
phenol on benzoic anhydride, 

((tjT,co),o + c,n,oii = c,ii,rooc,n, + r.H^coon. 


In the one case an acid ester is formed, in the other a neutral ester 
and the free acid. The reaction represented by the second equation 

Unpublished observations. 
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is of a familiar sort in that it involves the ammonolytic replace- 
ment of chlorine in a benzoic acid chloride by an ainido group. The 
third equation recalls the formation of ethyl aquobenzoate by the 
action of ethyl iodide on sodium aquobenzoate. 

(2) RC{NR)NHR. N-N'-Diphenylbenzamidiue has been pre- 
pared by the action of aniline on benzonitrile, on benzanilide iiiiide- 
chloride and on benzotrichloride as represented by the e(iuations, 

CeH^CN -f 2CeH5NH2 = OeH5C(NCeH5)NHC„IT, + NIT, 
C,H5C(Cl)NCeH, -f OANH, = C5H,C(NHC„H,)N<\,ir-, + IKq 
CeH.CCl, -f 2CeH,NH, = CAC(NC<5H,)NnC„U, + IIIKII 

in accordance with which a diphenyl aimnoiiobenzoate is formed by 
the action of aniline first, on benzoic auaiumonide, s(*coiid, on n, 
benzoic acid ester-chloride and tliird, on a benzoic acid chloride. 

RC(NH)NR„. N-N-Diphenyl ammonobeiizoate is formed when 
benzoic anammonide is heated with diphenylamine hydrochloride, 
CACN + HN(CA), = CAC(NH)N(C„H,),. 

N-N-dibenzyl ammonopi'opionate has been pre])ared by hydrolyz- 
ing the product of the action of ethylniagnesium bromide on di- 
benzylcyanamide.^^ The reactions inrolred, which are laqu-esenled 
by the scheme, 

(CeH,CH,),NC(NMgI!r)(bdr, 

-IlO.Mo-Itp 

CMfi ( NH) N ( , 

bring* about tlie reduction of an amiiioiio carboiiic acid (‘sIim* Io an 
ester of a carbazvlic acid. 

(4) RCiNR)NR.;>. Examples of three nietliods for pri^para 
tion of neutral esters of benzaniidine are re})res(‘iiie(l hv tin* (Mpia 
tions, 


C + CH,NHC„IL, = f ; 

Cl N(oir,)(j„ii, 

N(CH3)CeH3 


I- IK'l 


/ - » ^N((dl,)(',H,, 

C,H,C + C„H,CH..NII.. = l + -IK' 

\ ' ' \ 

C4 N(J1I,(',,1I-, 

Adams and Beehe, J. Am. Chein. Boo., 38, 2208 (lOOO). 
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CeH,0. 




NCH.CeH, 


\ 


+ CH3I = CgHgO, 


^NCH^CeH, 




\ 


+ HL 


N(CH3)CeH, 


In accordance with the first two equations neutral ammoiio ben- 
zoates are formed by the action of animono alcohols on benzoic 
acid estei'-chlorides. The third equation is of a familiar sort in 
that it involves the substitution of an acid hydrogen atom by an 
alkyl group.^^ 

Ammonolysis. Just as ordinary esters are familiarly known to 
undergo hydrolytic decomposition, slowly by the action of water 
alone, much more rapidly in the presence of acid or alkali ; so we 
should expect to find esters of the carbazylic acids ready to un- 
dergo ammonolytic decomposition when treated with ammonia alone 
or with solutions of acids or of alkali amides in this solvent. The 
ammonolytic behavior of but two such esters has so far been stud- 
ied. When N-N'-diphenylbenzamidine is heated with ammonium 
chloride in liquid ammonia solution it is ammonolyzed in accordance 
with the equation, 


CeH5C(NC3H,)NHCeH, + 2NH3 = + 2C,H,NH„ 

to benzamidine and aniline. Treated in a similar manner N-N'- 
diphenyl aminonoacetate, CH3C(XC«H5)NHC3ll5, has been aminono- 
lyzed to acetamidine and aniline.^^ 

Ester-Salts. Derivatives of the acid amidines rei)reseiited by the 
general formulas, K(,MNlIjIs"HR, KlD NHjXKo and KLJNRjNHR, 
are formally acid esters and as such should be capable of forming 
metallic salts. Two such compounds are known. A silver salt, 
t Vif ‘^ud a. potassium salt, of X-X'-dipheiiyl- 

ai'etamidiiK* hav(^ betm pr(q)ared, the latt(*r by the action of ])Otas- 
siuin amid(‘ on the acid est(‘r in rnpiid ammonia solution, 


(jii3C(Nc,iijxii(yr, + KXHo civaxt^hjxkc.h^ -f xn^. 

J. V. Braun, Bar., 37, -1>78 (19(.)4i; Beckmann and Fc'llratli, Atm. Chcni., 
273, 5 (1893). 

15 Niemann, Thesis, Stanford University, 192G, 
i« Bamberger and Lorenzen, Ann. Ghcm., 273, 300 (1893 ). 

17 Unpublished observations. 
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Acid Amides. The close relationship existing between acetic 
acid, acetamide and acetamidine may be shown by means of the 
scheme, 


OH 

OH 

OH 


/ 

/ 

/ 

/ 

CH,C— OH 

CH.C— OH 

CH.C— NH„ 

0H,0— NH., 

\ 

\ 

\ 

\ ■ 

OH 

NH 2 

NH, 

NH, 

(I) 

(11) 

(III) 

(IV) 

\ 

^ \ 

./ \ 

>/ 


CH3C00H CH3CONH. 01T3C ( xn ) NH. 

(V) (VI) (VII) 

which represents four hypothetical ortho acetic acids, an aijiio acid 
(I), an ammono acid (IV) and two aqno-ammono acids (11) and 
(III), as undergoing desolvation to form tliree known a(*eii(* a(‘ids, 
namely ordinary aqiio acetic acid (V), an ammono ac(di<‘ a(‘id 
(VII) and an aquo-amniono acetic acid (VI). Acids r(q)i‘(‘s(‘nted 
by the general formula, RCOOH, are known as carboxylic a.(‘ids, 
we have chosen to call the acid amidines carbazylic acids, and sliall 
find it convenient to speak of the acid amides as carb()xazyli(* a(‘ids. 

Formation. Three familiar processes for tlie pr(q)a ration of 
acetamide, a typical carboxazylic acid, are suminarized by ni(‘ e(imi- 
tions. 


CH3COOH + NH3 := Cn^CONIT, + IDO 
CH3COCI + NH3 CH3CONII3 + IICl 
CH3COOC0H3 + NH3 011300x113 + O31 1,011, 

which represent the formation of a(ino-animono acetic acid by the 
ammonolytic action of ammonia on acpio acetic acid, on a(.*etyl clilo- 
ride and on ethyl aquo-acetate respectively. 

Hydrolysis and Ammonolysis. Acetamide may be liydrolyzed tc 
aquo acetic acid and ammonia as rejmesented by the (irsi of the 
above equations read from right to left. It is amnionolyzcal in a(‘ 
cordance with tlie equation, 
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OARBOXAZYLIC ACIDS 273 

CH3CONH2 + NH^ = CH3G(NH)NH, + H3O, 

to acetamidine when heated with ammonium chloride in liquid am- 
monia solution.^ 

When acetamide is heated in a current of hydrochloric acid gas 
acetic acid and acetamidine hydrochloride are formed as repre- 
sented by the equation, 

2CH3CONH2 = OH3COOH + CH3C(NH)NH3,^^ 

which is to say that the one molecule of acetamide ammonolyzes 
the second to acetamidine, the one at the same time undergoing 
hydrolysis to aquo acetic acid. 

Acid Properties. Although metallic derivatives of the acid am- 
ides have long been known it is nevertheless true that acetamide 
and its homologs, benzamide and the other aromatic acid amides 
have apparently never been looked upon definitely as acids. They 
are in general neutral compounds the metallic derivatives of which 
(excepting the mercury and silver compounds) are hydrolyzed in 
the presence of water.^ 

In solution in liquid ammonia, however, their acid properties are 
unmistakable. In such solutions the acid amides react with the 
more electropositive metals and with metallic amides to form me- 
tallic salts and are distinct conductors of electricity.^ The red 
color of a slightly alkaline liquid ammonia solution of phenolplitha- 
lein is discharged, not very sharply it is true, when acetamide is 
added to such a solution. Formamide, which is a distinctly stronger 
acid, discharges the color more sharply. 

Metallic Salts. Contingent upon the circumstance that they are 
more or less resistant to the hydrolytic action of water the silver 
and mercury salts of most of the known acid amides and imides 
have been prepared. Acid amide salts of other metals, however, are 
less numerously known and this fur the reason that as salts of very 
weak acids they are incapable of existence in the i)resence of water. 
Such salts have been prepared by various methods in which solvents 
other than water have been used. Liquid ammonia especially, by 
reason of its low solvolyzing power as compared with water to- 
gether with its conspicuous power as a solvent, has proved itself an 

1 Unpublished observation. 

la Strecker, Ann. Chem., 103, 324 (1S57). 

2 Branch and Clayton [J. Aw. Chc7n. Soe., 50, 1680 (1028)] liave given 

8 X lO-^’ and 1 X to 1 X 10-’“ as the dissociation constants in water of 

acetamide and benzamide respectively at 25°, 

3 Franklin and Kraus, Am. Chem. J., 23, 277 (1900) ; J. Am. Chem. Sac., 21 y 
191 (1905); Franklin, Z. physiJe. Chem., 69, 272 (1909). 
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excellent solvent in Avhich to carry out the reactions with which we 

are here concerned.'* , , , , , 

The following named and formulated salts have been prepared by 
means >f reactions carried out in Ihpiid ammonia solution. 

Pota. ihim Aquo-Ammono-Formate, HCONIIK. In the presence 
of excess of potassium amide the salt rapidly breaks down to form 
hvdrogen and potassium cyanate. 

'sodium Aquo-Ammono-Formate. HCONHNa, has been prepared by 
the action of formamide in liquid ammonia solution and in dry 
benzene on sodium amide and by the action of sodium ethylate on 
formamide in alcohol-ether solution. 

Potassium Aquo-Auimouo-Acetate, CH3GONHIV. 

Sodium Aquo-Ammono-Acetate, CHsCONHNa, has been prepared 
by the action of sodium ethylate on acetamide in alcohol solution 
and of sodium amide on acetamide in benzene solution and in liiiiiid 
ammonia solution. 

Silver Aquo-Ammono-Acetate, CHgCONHAg and ClT„(q)NIIAg.- 
2NH3. The ammonia-free salt has been obtained by dissolving silver 
oxide in a water solution of acetamide. The aminouated salt crys- 
tallizes from a solution formed by dissolving silver amide or silver 
oxide in a liquid ammonia solution of acetamide. 

Magnesium Aquo-Ammono-Acetate, ((’H3GONII)3Mg.4Nll,.j. This 
well-crystallized product, which is very slightly soluble in li(iuid 
ammonia, is formed by the action of acetamide in li(iuid ammonia 
solution, on metallic maauesiiini. 


Thalloas Aquo-Ammono-Acetate, OH3CONUTI and ( UI;5( U )NIIT 1 .. 
2NH3. The diammonated salt is obtained by dissolvino' Ihallous 
nitride in acetamide solution and evaporating’ io crystallization. 
The diammonated salt, when heated in vacnnin, readily los(\s its am- 
monia of crystallization to form the anammonons salt. 

Potassium Aquo-Ammono-Proiyionate, (^jrr-,(h)NJlK, has becai ob- 
tained by the action of potassium amide on ])ro|)ionamid(‘ and also 
by warming propionitrile in liquid ammonia solution with |)otas- 
sium hydroxide. 

^odiii m Aquo-Animono-Propionate, C Jlr/ 'ONII Na . 

Potassium Aquo-Ammono-n-Butyrate, (Jjr.CONII K. 

Potassium Aquo-Ammono-Isohutyrate, ('gllTt )NnK. 

Potassium Aquo-A mmono-Isovaleriatc, ( I U )N 1 1 Iv. 

Potassium Aquo-Ammono-n-Caproatc, Or.lli 'ONII K. 

All the above-listed salts are soluble in licpiid ammonia, and have 
been obtained well crystallized and of sharply detinite (‘oniposit ion. 

Potassium Aquo-Ammono-Pahnitate, OinlLjxt'ONll K, is formed as 


4 Franklin and Stafford, Am. Chem. J., 28, 83 (1902) ; Franklin, J. A'tii. (Uivm. 
37 2279 (11)15) ; Ruth V. Fulton, Thesis, Stanford University (1025) ; Cor- 
nell, J. kw. Chem. Hoc., 50, 3311 (1928). 
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an insolublej amorphous precipitate wben potassium amide is added 
to a dilute solution of the slightly soluble palmitamide. 

Fotassiiiia Aquo-Ammono^BcHzoaie, C\,H3COXHK, is formed by 
the interaction of benzamide and potassium amide and also when 
benzonitrile in liquid ammonia solution is warmed with potassium 
hydroxide.® 

Sodium Aqiio-Ammono-Bcn;:o(tte, CcH.COXHXa, has been pre- 
pared in a variety of ways which need not be detailed here. It has 
been observed to enter into many reactions which recall the be- 
havior of sodium aquobenzoate. 

Interesting examples of long-known metallic derivatives of acid 
amides are the following. 

Zinc Aqiio-A mmono-Acetate, (CH3COXH) AAii. 

jllcrciirlc Aquo-A mmono-A cctafe. ( CH3OONH) JAg. 

Zinc Aqiio-A limiono Biif jfrate^ (C3H7CONH)3Zn. 

Zimc Aquo-A nnn())io-Bc}i;:oate. (C\.H.,COXH)2Zn. 

Mercuric A<iuo-A)ninono-Bcnzoate, ( (^II^CONH) Jig. 

The zinc salts were prepared by the action of zinc ethyl on the 
respective acid amides.*^ 

Metallic Salts of Acidimides. Two acetyl derivatives of water 
of the respective formulas, CH^CO-OH and CH3CO-O-OCCII3, are 
possible, the one being an acid the other an acid anhydride. On 
the other hand the trivalency of nitrogen permits the existence of 
three acetyl derivatives of ammonia, acetamide, CH3CONH0, di- 
acetamide, (OlTyC J)) 3NH, and triacetamide, the lirst 

and se(*ond of which are to be regarded as a<iuo-ammono aceti(‘ 
acids, the third as a mixed anhydride-anamnionide of acetic acid. 
I]xam])les of metallic salts of diacylamides are the following.* 

Potio^sium .1 quo-. I ni niono-Difonnate, ( IICO) oXK. 

Sodium A(]Uo-A m moiio-Diformafc, ( llOO j^XXa. 

Tli(‘S(‘ salts of an a(iuo-ammoii() diformic acid have been prepared 
by the action ot‘ potassium and sodium respectively on formaniide 
under peti*oleuin ether.' 

Sodium Affuo-A m inoiio-Diacetate, ( ( Jr..('0) ^XXa, has been pre- 
j>ared l)y tin* action of metallic sodium on diacetamide using dry 
(dluu* as solvent. AAdien heated with methyl iodide methyl diacid- 
aniid(‘, which is an X methyl ester of an aqiio-ammoiio diacetic acid, 
is forimal, ( ( TI.jOO ) ^XXa -f OH.! = ( ( TI.,( '( ) K,XCil.. J Xal. 

Sodium A(iuo-A mmono-I >il)cnz()atc. 1 ( \.,lld 'O ) ^XXa. This salt 
has l)e(ui ])repar(Ml by the action of metallic sodium on dibenzaniide 

Att(‘ni pt s Oy Aliss Fulton to prepnre the dipotussimn salt woia* inisik-- 

(‘(‘ssful. 1 )ipotassiuni Ixm/ainidc* 1 Franklin and StalVord. AtK. Ohan. .. 28 ( IdOii i ] 
sliould tlierofora ho striokon from the. list of known (‘oinpoiinds. 

‘5 (dll, JC/U. .s-oe. r/riM., 2, 39, 1)47 (1SS3). 

" Kaksliit, J. Chnn. Hoc., 103, (1013). 
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CH .Ct )NH- -lii- ’ t < >Na ) N- ■ I !r -> ( ' 11 .,N - ( U < > Nil ) 1 tr 

-IU> ' 

eH,N:0:l) OH.NII, + CO,, 

a further example of the intraiuolec-iilar augineiitatioii of acetic 
acid to a carbonic acid. The sodium salt of a mixed a(iuo-ainm()no 
acetic ainmono hypobromous acid, formed by the action of sodium 
hydroxide on acetbroinamide, undergoes rearrangement to form a 
compound which is at the same time an N-niethyl ester, a sodium 
salt and a bromide of carbonic acid. k^ucIi a compound loses sodium 
bromide to form methyl isocyanate (N-niethyl acpio-ammouo-car- 
bonate), which is readily hydrolyzed to methylamine ami (‘arboii 
dioxide. 

In a similar manner benzoylazide rearranges to form pluuiyl iso- 
cyanate and nitrogen (nitrous anammonide), 

C,H,CO-N=NEN = CeH,N:CO + 
benzainidoxime to form N-phenylnreaj 

C,H,C (NIL) N : OH 0,H,NO ( OH) Nil,, 
and benzhydroxainic acid to form N-pheiiylcarbamic acid, 


C.H^CONH : OH CeH,NH-CO-OII. 

N-phenylcarbarnic acid breaks down ])artly into i)li(uiylisocyanate 
and water and partly into aniline and carbon dioxi(l(\ 

Esters. Kei)resentatives of eacli of the t lieoretlca lly jiossibh^ 
types of acid amide derivatives of the respcad ivi^ foimmlas, h )NI I R, 
RtNNHjOR, ROONR, and R(bNR)OR, are known, the imdliods 
of preparation and ])roperties of which are such as to justiry our 
regarding them as carboxazylic acid esters. 

X-Estern, RCONHR. Two eipiations which re])resent, IIh^ forma- 
tion of N-alkyl derivatives of acetamide are the following. 

CH^COOH + C,H,NH, = CH.CONHCtJT, -f 11,0 
(’H.dM)NHNa + C,H,()SO,()Kzz= (TI,(h)NiI(^II, -f KXaSO,. 

In accordance with the first e(piation Nadhyl a.(iuo-anunouo-acelal(‘ 
is formed by the action of an axpio acetic acid on an aimnouo (dhyl 
alcohol. The second ecpiation represents a redaction whi(‘]i is id(*nti- 
cal in pi inci])le with that involved in th(‘ formation of (dhyl a(juo- 
acetate b]\ the action of potassium ethyl sulfate on sodium a([uo- 
acetate. 
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N-N-Esters, ECONR,. Tlie equations, 

CH3COOH + (aHJ„NH = CH^CONiaH,), + H3O 
OH3COCI + = OH^CONCaHJ, + HCl, 

represent the action respectively of aquo acetic acid and of acetyl 
chloride on an aminono ethyl alcohol to form N-N-diethyl aquo- 
ammono acetate. 

0 -Estcrs, EC(NH)OE. Three methods for the formation of 
benziinidomethyl ester, which is an example of a carboxazylic acid 
0-ester, are represented by the following equations, 

CeH^CN + CH3OH = CeH,C(EH)OCH3 
+cn I /OCH3 

CoH^CONHAg - > C3H3C— I ^ C3H5C (NH) OCH3 

XNHAg 

C3H3CONH2 -f SOJOCHs), = CeHjC'CNHlOCH. + 0H30S0,0H. 

The reaction represented by the first equation closely resembles 
that which takes place when methyl acetate and acetic acid are 
formed by the interaction of methyl alcohol and acetic anhydride. 
In the one case the aminono alcohol unites with an acid anam- 
inonide to form an acid ester, in the other the a(|uo alcohol reacts 
with an acid anhydride to form a mixture of the free acid and a 
neutral ester. The reactions represented by the second and third 
equations run jiarallel to those which take place when methyl ben- 
zoate is formed by the action res])ectiv(*ly of methyl iodide on 
sodium a(iuobeiizoate and of dimethyl sulfate on aiiuo benzoic acid. 

0 ~y-Estcrs, IKMNKjOK. ()-N-l)iethyl atpio-aminono-benzoate, as 
an example of this class of couqxuinds, is formed by the aidion of 
sodium ethylate on X-ethylbenzimidechloride, which is an ester and 
at the same time a chloride of a benzoic acid, as reim^sented by 
the e(iuation, 

(^,H,C(C 1 )XC,H, + C,H,OXa = ( ’.lid ’ ( OC JL) X( 'dl,. 

Ammonolysis of Carboxazylic Acid Esters. I>ut one acid amide 
X ester has been investigated in respect to its ammonolytic behavior. 
Niemann found that acetanilide is ammonolyzed to acetamide and 
aniline when heated in liipiid ammonia solution with anmioiiinm 
chloride, ( did H)XH( \dl, + XH, = (dIdd.)XH,+ (\..H,X 1 I,. 

In li(piid ammonia solution, as has been shown in this labora- 

15 Thesis, Stanford University, 102t>. 
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tory acetimidoetlivl ester used in the form of the hydrochloride 
undergoes ammonolytie decomposition as represented by the equa- 
tions, 


CH3C (N-H) OO3H3 + NH3 = CH3C (NH) -f C2H3OH 
CH3C (NH) OCA + NH3 = CH3C (NH) OH + C3H3NH3. 


In alcoholic ammonia solution benzimidoethyl ester hydrochloride 
is ammonolyzed to benzamidine and ethyl alcohol, 

C3H3C(NH)0C,H3 + NH3 = C3H3C(NH)NH, + CUI^OII.i^ 

The ammonolytie behavior of the 0 -N-esters has not been investi- 
gated. 0 -N-Diethyl aquo-ammono-benzoate is h\ drolyzed under the 
action of aqueous hydrochloric acid to ethyl aquobenzoate and ethyl- 
amine,^® 


C3H3C(0C3H3)NCA + H 3 O : 


: C3H3COOC3H3 + OcH^NII, 


Ester-Salts. Eegarding the two derivatives of acetamide repre- 
sented by the formulas, CHgCONHCoHj and CH3C(NH)002ll3, as 
ethyl esters of aquo-ammono acetic acid it is clear that etbylacet- 
amide and acetiminoethylester, and in general all compounds of 
the formulas, ECONHR and EC(NH)OR, are formally acid esters 
and that as such they should be capable of forming nudallic salts. 
Accordingly a considerable number of salts of acid (‘at(‘rs of tlie 
first formula above are known, for example, sodium forimuiilide 
HCON^XajCeHe, silver formanilide, HCON(Ag)C,,II,, sodium ethyl- 
acetamide, CH3COH(Na)C,H3, sodium acetanilide, <UI.,(:ON{Na)- 
and mercuric acetanilide, CH3GON(lig)C,,]r,. 

The acid N-esters of the carboxazylic acids show tlaur acid pimp- 
erties most strikingly perhaps by their action in li(|ui(l ammonia 
solution on metallic amides and nitrides. Only fonr sails as fol- 
lows have been made by reactions carried out in' this solvent. None 
the less the results obtained amply justify (he conclusion that the 
method is capable of general application.'" 

Aquo-Ammono-A ectate, Cl b.CON ( Ag) C „1 f, and 
CHaCOA (Ag)C The ammonated salt se])ara(es well 

crystallized from a cold, concentrated solution of thci salt formed 
by dissolving silver amide in a liquid ammonia solution of acet- 


16 Unpublished observations by H. S King 

17 Pinner, “Die Imidoaetlier » Berlin, 1892 p. 172 
IS Lander, J. Chem. Soc., 83, 320 (1903). ' 

19 Franklin, J. Am. Chem. Soc., 37 ^ 2292 (1915). 
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anilide. The anammonous salt is formed by heating the ammonated 
compound in vacuum to 100°. 

Thalloiis X -Phenyl Aquo-Ammono- Acetate, CH 3 CO]S^(Tl)OeH 5 . A 
solution of acetanilide converts black thallous nitride into the 
slightly soluble thallium salt. The action of the acid ester on the 
basic nitride is represented by the equation, 

3CH3CONHCeH3 + TI 3 N = 3CH3C0N(T1)C3H5 + NH 3 . 

Potassium X-Benzyl Aqiio-Ammono- Acetate. CH 3 CON(K)CHoCs- 
Hg.NHg. The ammonated salt separates well crystallized from a 
highly concentrated, cold solution of the salt formed by the action 
of potassium amide on N-benzylacetamide. 

Potassinm X-Phenetole Aquo-Ammono- Acetate, CH 3 CON(K)Co- 
H^OCgHg, is formed when phenetoleacetamide and potassium amide 
are brought together in liquid ammonia solution. The highly 
soluble salt separates from a cold, concentrated solution well crys- 
tallized. 

Metallic salts of the iminoesters are not known nor have attempts 
been made to prepare them by reactions carried out in liquid am- 
monia solution been successful. As has already been noted acet- 
iminoetliylester in liquid ammonia solution is ammonolyzed to acet- 
amide and ethylamine in the i)resence of potassium amide (p. 280). 

O-X-Esters, RC(NR)OR. 0-N-Diethyl aquo-ammono-benzoate, as 
an example of tliis class of compounds, is formed by the action of 
sodium ethylate on ethyl benzimide-chloride, which is an ester and 
at the same time a chloride of a benzoic acid, as represented by the 
e(iuation, 

+ (\n-.()Xa = r\;H.,(qx<\.ir,)()r,H, + Xa(d. 

Idle ammonolytic behavior of this compound has not been investi- 
gated. It is liydrolyzed under the action of aiineous hydrochloric 
acid to ethyl benzoate and ethylamine.-^ 

120 Lander, J. Chcm. Soc., 83, 320 (1903). 
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An aijiio aldehyde is characterized by the presence of a ('arbonyl 
gTOiip in combination with two hydrog'en atonus or witli one hydro- 
gen atom and an alkyl or aryl group as represented by the familiar 
formulas, HoC-0 and RCH=6. When both valences of the carbonyl 
group are occupied by hydrocarbon radicals as represented by the 
formula, R.C-O, the compounds so constituted are acpio ketones. 
Since now the groups, 4NN- and -CEN, contained respectively in the 
Schiff bases, CH.^NR, RCH=NR, and R/J=NR and in the nitriles, 
HCEN and RCEN, are the nitrogen analogs of the carbonyl gronj), or 
as nearly so as the trivalency of nitrogen permits, it follows that not 
only the Sehitf bases but also the nitriles should show many of the 
properties of the aldehydes and ketones. 

We have already discussed in some detail the Sehitf bas(‘s as 
aldehyde-ethers and ketone-ethers of the nitrogen system. In the 
following it will be shown that hydrocyauii* acid shows ceidaiii 
characteristically aldehydic properties and that tlu^ nilril(‘s simu- 
late in a variety of ways the behavior of the Indones. 

It is to be observed in this connection that the carbylic* a(*ids, 
that is to say the carboxylic acids, the acid amides and tln^ a(*i(l 
amidines, are by no means devoid of aldehydic propend i(\s. kd)!* ox- 

ample, acetic acid reacts with hydroxylamine to form aced liydrox- 
amie acid, CHAD ()H )N : OH, and with ])lienylliydrazin(‘ (o form 
acetylpheiiylhydrazide, OH.^OiOHjN : NI1(\.1I-. Ac(dyl liy<lrazi(l(‘, 
( TI.^O (OH ) N : NHo, is formed by the action of hydraziin^ on ac(d- 
amide, and certain aromatic amidines have been found to r(‘a(d, willi 
hydroxylamine to form amidoximes, R(d Nil J N : ( )1 1. Acidic aidd 
in the form of its ethyl ester undergoes the aldol condmisal ion wli(‘n 
it is converted into acetoacetic ester. Thesi^ reaid ions show thal th(‘ 
carbonyl group and the carbimide groni) containiMl in tin* carl)\'lic 
acids carry into these coin])Ounds sonu* of tin* pi*()p(*rl i(*s (diara<d(*r- 
istic of the aldehydes and ketones. 

Hydrocyanic Acid. It has been shown in (diai)t(*r XII (hat, hy- 
drocyanic acid, when represented by tin* fornmla, II N '(\ is to be 
looked upon as an ammono carbonous acid, and thal Ihe metallic 
salts of hydrocyanic acid and the alkyl and aryl is()('yanid(*s are 
metallic carbouites and carbonous acid esters respectively of the 
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nitrogen system. Fnrtliermore, in nnotlier place i r/. Chapter 
XX\ I) the relationships (‘xisting between formamide and forinami- 
dine, on the one hand, and hydrocyanic acid, on the other, have been 
interpreted on the assumption that hydrocyanic acid represented by 
the formula HCX is formic anaininonide. It is here proposed to 
show that hydrocyanic acid exhibits distinctly many of the proper- 
ties of the simpler aliphatic aldehydes. It undergoes polymeriza- 
tion and condensation as formaldehyde does. It forms acid sulfite, 
water and alcohol addition products, reacts with hydroxy laiuine 
and hydrazine, and may be reduced to an aminono alcohol and oxi- 
dized to an aminono carbonic acid, as is shown in some detail below. 

PoJij)nerhation. In the presence of alkalis or salts hydrocyanic 
acid undergoes polymerization to brown amorphous substances of 
unknown constitution. 

AIclol Condensation. Hydrocyanic acid undergoes condensation 
ill a manner closely analogous to the familiar aldol condensation 
of the aldehydes. Just as formaldehyde condenses to glycolalde- 
hyde, 2CI:LO — CH^, ( OHjrHO,^ so hydrocyanic acid similarly con- 
denses, and contingent upon the presence of the tri[)le bond in the 
cyanogen group, first as represented by the ecpiation, 2HOX == 
to an uncertainly known- iminoacetonitrile and 
thence to aininomalononitrile ^ in accordance with the capiatioip 

NH CN 

/ / 

lie: + HCN = IK'— NH.,. 

\ \ 

CN CN 

The reactions re])resent(Ml by these equations resemble the benzoin 
comhmsat ion rather more clos(dy than tli(*y do aldol formation. 

77/c C jfanh })drin(‘ Reaction. Just as tin* transformation of formal- 
dehyde into g'lycolal(leliyd(‘ ('onsists in an aldol <*ondensat ion taking 
pla(‘(^ b(dw(‘en two molecuh^s of a(iuo formaldehyde^ and as the 
analogous formation of aminonialononitrile involv(‘s a similar con- 
(hmsation of hydrocyanic acid so ihe cyanhydrine redact ion i-epre- 
sented by tlu^ (Mpiation, ( J L,( ) -|- IIFX = < J L.( < )li ) FX, is to be re*- 
gard(Ml as an aldol condensation taking place* bet\\’e*e*n aepio formal- 
elehyde* anel hyelrocyanie- aciel. The familiar format ie>n of a e-yaii- 
liydrine by the ae-lion of hydi-oe-yanic ae-id ein giiie-eise*, 

1 Killer and Euler, Jh-r., 39, al 

liNef, Ann. Chem.. 287, 33T (ISaf)); Willstiitter and Wirtli, litr., 42, laiT) 
(11)01)); Mielnud and Ililihert, Anti, (linti., 364, TO (IDOD), give this (‘oinpoiind 
the formula HN:('H-N('. 

;m.ang(‘, Bcr., 6, hi) (ISTOj; Wippermaiiii, Bcr., 7, TG8 (1874). 
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CH20H(CH0H)iCH 0 + HCN = CH20H(CHOII),0H(OH)O]Sr, 

may be said to involve an aldol condensation. 

The Acid Sulfite Addition Product. Another cluirac I eristic prop- 
erty of the aldehydes is that of reacting with sodium or potassium 
acid sulfite to form the well-known addition products. In an en- 
tirely similar manner hydrocyanic acid reads with potassium acid 
sulfite^ to form a compound of the formula, HO(Nll 2 ) (SO.OK),, 
which is obviously an approximate analog of the coinpoimd, CU,- 
(OH)SO,OK, obtained by the action of acid potassium sulfite on 
formaldehyde. 

Action of HydroxyUmine. Formaldehyde rciacts with hy<lroxy]- 
amine yielding formal doxime, 

H,C::0 + HjN: OH = CH.^N : OH + HA). 

In a very similar manner hydrocyanic acid is actc<l niton by hydrox- 
ylamine as represented by the etjuation, 

HCEN -f HjNrOH = H0(N1T.,)N: Oil, 

to form formamidoxime.® In the one reaction water is compleldy 
separated, in the other the analogous elimination of ammonia ex- 
tends only to the formation of the amido group. Foi- eompbde s(>i»- 
aration of ammonia the reaction betwecm hydrocyanic acid and hy- 
droxylamine would have to take the courstt r(‘pr(‘s(ml(‘d by llu; 
equation, 2 HCEN + : (HI = (Ild)d NrOII 1 ,., lo giv(‘ an oxime 

which is not known. 

The Nitriles, liCEN. II: has already Ixam shown llml llie nitriles 
are to be regarded as acid anamm(mid<>s (cf. < Hiapbu' .\ .\ V 1 1 . I I(‘re 
it will be pointed out that in some resjiecls lliey behave in a manner 
closely resembling that ol' tlu; ketones. 

PolymerizaiiMi. ]'ix<‘epting i)b(‘nyl cyanide, which has be<Mi con- 
verted into a trinier known as cyaphenine, uoiu' of Ihe nilrih's has 
been obtained in its trimolecular form. In this absence of any 
marked tendency to undergo trimerizal ion llu' nilrihxs rescunble Ihe 
ketones. Ordinary acetone, it will lx; recalhxl, d(x‘s nol rorni a 
trimer. 

Action of Hydro.vylamUie. Methyl cyanide' rc'acls with hydroxyl- 
amine in accoi-dance with llui ('(piation, 

CH 3 CN -f lUNrOII = Clb,(UNir,)N: Oil, 

4 V. Pechmanii and Maiiok, Bcr., 28, ( ISDo), 

G Lessen and Sehifrerdoeker, A nn. VJirm., 166, -5^4 ( ISTd). 
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to form acetamidoxime. The reaction involved is clearly similar to 
that which takes place when the same reagent acts on acetone to 
yield acetoxime, (CH 3 ) 2 C=N: OH. In the latter reaction the car- 
bonyl oxygen is eliminated as water, whereas in the former the elim- 
ination of nitrile nitrogen goes only to the extent of forming an 
amide group. 

Action of Ht/dradne. Two cyclic acetic acid hydrazides of the 


formulas, 


/ \ 

OH.C CCH 3 and 

^ \ / 


NH:NH 


/ 

CH3O 

\ 


\ 

CCH. 
/ ■ 


are 


N:N N:N 

known respectively as 4-amino-3-5-dimethyl-l-24-triazole and 3-6- 
dimethyl-l-2-dihydro-l-2-4-5-tetrazine, have been obtained by the ac- 
tion of hydrazine on acetonitrile." 

It may be assumed that an acetic acid hydrazide of the formula, 
OH 3 C(NH)NH:NHo, is first formed, following which two molecules 
of this hydrazide interact with the loss of ammonia to form the 
cyclic hydrazides. It is known that the acetic acid hydrazide, 
OH 3 CONH : NHo, when heated at ISC'" loses water and passes over 


into 4-amino-3-5-dimethy 1-1-2-4-triazole.® 

Aldol Condensation. The aliphatic nitriles like the ketones tend 
to undergo condensation reactions rather than to form polymeriza- 
tion products. IMethyl cyanide, for example, under the influence 
of metallic sodium, or better of sodium amide, undergoes condensa- 
tion to form y^-iminobiityronitrile as represented by the equation, 
l>on 3 (;N--^CH 3 C(NH)CH 3 CN." The reaction involved in the for- 
mation of this compound, which is at the same time an ammono 
ketone-alcohol and a butyric aiiammonide, resembles closely the 
condensation of acetaldehyde to ^-hydroxy butyric aldehyde. 


2CiT3CnO ClI.CTKOHjCHJlIO, 


and of acetone to diacetone alcohol, 


2 (CII 3 ) ,C() ( TL ) J ^ ( UH j CHJXXJIT,. 

All three of these reactions involve typical aldol condensations. 

Fonnntion of C ifa n nndJu no. When the product obtained by treat- 
ing acetonitrile in ether solution with metallic sodium, presumably an 


7 Curtins, Darapsky and Miiller, Bcr., 48, 1032 (1915). 

8 Pcdlizzari, chitn. ital., 39, I 535. 

a 1C von IMeyvr, J. pnild. Chem., [2j 27, 152 (1883), 38, 330 (Ibbb), 78, 49i 
(1!)08) ; Holzwart, J. prakt. Chem., [2] 39, 244 (1889). 
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impure salt of ;S-iminoljiitTronitrile, is liented with accdouitrile in a 
closed tube for a time at' 140°, cyanmtdhine is formed."’ Acetoni- 
trile entering- into reaction with ^-iniinobutvronitrile, formed as e.\- 
plained above, instead of forming an annuono aldol of tlie formula, 
OHjClXH..) |CH,CX,l 2 , as might be expected in view of the behavior 
of hydrocjmnic acid, or of undergoing an aldol condensation with 
yS iminobutvi-onitrile in accordance with the e(|uation, 

CH3C(XH)CHX'X + jdlUlN, 

as a matter of fact reacts with the aldol, (’IIJ’I -MH jCllJlN, after 
a manner which, in princi])le, is identical with lhal followed by 
formaldehyde, acetaldehyde and beiiKoiiitrile in polyinei-izing to 
their i-espective trimolecular modifications and wilh fhaf followed 
by the ammoiio formaldehyde-acetal, < 'IL-X-f’II^ Nt’IU, in dinun-iz- 
iug to hexamethylenetetramine. The aclion of mefhyl cyanide on 
/1-iminobutyronitrile may be represenfed by f he scheme, 


CH,-C 


\ 


OH3 


yic 

ISIB. C 

N— C 

N — 


/ \ 

^ \ 

N CH3H 

U NII^(dl.,H 

1' N-^ 


\ 

\ / 

CH^-C 

CH.,-C 

('II,. <1 

III 

'111 

‘ II 


N 

Nil 


(I) 


( 11 ) 


(HI) 


N— 0 

/ \ 


CH,-C. 


\ 



CH=C 

Nil,, 

(IV) 


Acetic anaiiiiiioiiide unites successively with lli(‘ annuono kcMoiU' 
iiuino gToup and the acid aua!uiu()nid(‘ (Uids of lh(‘ /i iniinoluilyro- 
nitrile iu()le(*ule (1) to form (he (*y('lic ('oui pound (III), r(‘- 

actioii (‘oncerued iu passing* from (I) lo (II) involv(\s a k(done- 
acetal forinalioii, that in the transformation of (II) io (III) (lie 

10 Iloltzwart, pnil'L ('hem., [2] 39, 2-14 (IHSl)j. 
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ammonation of a earbrlie acid anaminonide gToiip. The compound 
(III), bv intramolecular rearrangement in [)rinciple a keto-enol 
transformation, passes over into (R") vvdiicli rejnesents a pyrimi- 
dine derivative long known as cyaiiinethine. It is to be observed 
that formulas (III) and (IV) contain residues of ammono acetic- 
acid, OH..C(NH)NH.„ and of the nitrogen analog of acetoacetic 
acid, CH-ZJ (NH ) CH,C (NH) XH,. 



CHAPTER XXXI. 

NITEOSAMINES AND DIAZO COMPOUNDS. 

Speculating upon the possible existence of a nitrous acid of the 
nitroo-en system and of a nitrous acid derived at the same time from 
ammonia and water we are led to write the formula, n,N-*N::NH, 
for an ammono nitrous acid and H,N--N ;:0 or IIN-:N--OII, for an 
aquo-ammono nitrous acid.' 

Neither of these compounds is known. Reactions which might be 
expected to give the first compound yield instead nitrogen and am- 
monia, the second, if formed, decomposes immediately to nitrogen 
and wmter. 

While such compounds have not been prepared “ either in the free 
state or in the form of salts, it is none the less true that many com- 
pounds are known which are to be regarded as derivatives of these 
hypothetical acids. For example, phenyltriazene, ColInN^ :N' -NH,, 
and diazoaminobenzene, CjHjN^ :N’ -NH- *C„H5, are esters of an am- 
mono nitrous acid, dimethylnitrosamine, (OIl3)2:=N--N:=(), and 
diazobeuzene, CsH^N^ :N- -OH, are esters of an mpio-ainmono nitrous 
acid. Metallic salts of phenyltriazene, diazobenzene and diazoam- 
inobenzene are known. 


Nitrosamines 

Assuming, as has been done above, that dimelhylnilrosainine is 
an ester of an aquo-ammono nitrons acid it follows lhal its lorma- 
tion by the action of nitrous acid on dimeth.ylainim* in accordance 
with the equation, (CH3)3NH -j- IIONO = (OII,,:uN - Nia) -|- llj), 

1 For an explanation of the sense in which tlic sinall pins and iniims si^nis arc 
here used, the reader is referred to Cliapter IV. Although it is pt^rliaps (jut'sidon- 
able whether one has a right to say that the middle niti-ogtai atom is jxisitive in 
respect to the two end nitrogen atoms as rep rest' n it'd by the first lormuhi and 
that the second nitrogen atom is positive as indieati'd in tin' st'eond and third, 
it will nevertheless appear as we proceed that tlie ns(‘ ()f thi'sc^ formulas in dis- 
cussing the nitrosamines and the diazo compounds is in a propi'r enough sense 
justifiable. 

2Dimroth and Pfister [Ber., 43, 2767 (1910)] report the fugitive existence of 
triazene (ammono nitrous acid) in water solution at low temperatures. Fer- 
nelius and Watt [«/. Am. Chem. 8oc., 55, 3482 (lf)33) | were unable to jin'jiare 
metallic salts of aquo-ammono nitrous acid by tlie action of imdaHic ainidi's on 
certain diarylnitrosamines. Nitrosamide is known in rKpiid aannionia, solution. 
[Schwarz and Giese, Ber,, 67, 1108 (1934).] It is interesting in this connection 
to recall that aquo nitrous acid is unknown in the frei' slate excc'pting in so far 
as it may be assumed to exist in aqueous solution. 
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^^ITF0SA3IINE^^ AXD DIAZO C03IP0VA^DE 

tr„sjlc?SS£“‘„Tn“i::pSn.'S! ““ »' “'■ 

( C3H,) ,NH + Cl- -N: -0 — ( CaHj) -N: =0 + HCl, 

formed^ an ester of an aquo-ammono nitrons add is 

woml alcoJd ir f- ammono 

wliidi tabes nlnee in principle, is identical with that 

^'^len ethyl acetate is formed by the action of 
acetjl chloride on ordinary ethyl alcohol. The formation of alkvl 
nitrites by the action of nitrosyl chloride on aquo alcohols has\afi- 
parently never been observed. ^ 

The nitrosamines are readily decomposed by the action of aqiie- 
s hydiochloric acid, though not by potassium hvdro.vide, into sec- 
ondary amines and aquo nitrous acid. Dimethylnitrosamine for 
example, undergoes hydrolytic decomposition, ’ 

(CH3) ,N- -N; :0 + H ,0 = (CH3) ,NH -f HONO, 

to form an ammono methyl alcohol and aquo nitrous acid. Bv the 
action of hydrochloric acid gas on diphenylnitrosamine diphenvl- 
ciiniiiG ciiid nitrosylcliloridG circ foriiiod^ 


(C^HJ^N- -N: =0 + HCl = (C.HJ^NH + O-' :N- -Cl.^ 

An N-N-diphenyl aciiio-amniono-nitrite is converted into an ammono 
plienol cind ci Ditroiis ocid oxidG-chlorido. 

Under the action of fused potassium hydroxide pheiiylmethyl- 
iiitrosaiiiine yields, among other products, potassium isodiazobeu- 
zene metliylaiiiline and iiotassiiim nitrite.^ It is reasonable to ex- 
Iilaiii the formation of these compoiiiuls as resulting from the hy- 
drolysis of plienylmetliylnitrosamiiie in accordance with the eoua- 


CJTy 

CIl.,- 


:N- -bf: O < ’oII,N:X-OK + CH3OH 

C^H.NIICn^ + KNCb 


A part of the X-plienyl-N-nietliyl aiiiio-ammono-iiitrite is hydrolyzed 
to a phenyl potassium aquo-ammono-nitrite and aquo methyl alco- 


Hft is iiiliM-ostins t(i note tliat iiitmsylcliloride acts as a nitrous acid eiiloride 
‘ general as ammono hypochloroiis acids (cf. Chap- 

ter AAl), nitrogen chloride as a hypochlorous anamiiionide. (Chapter XIX ) 

4 Lachman, 33, 1038 (1900). ^ 

c Bamberger, Ber., 27, 1179 (1894). 
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hoi, another part to. an ammono alcohol (methylaiiiline) and potas- 
sium aquo-nitrite. 

As is well known the action of aquo nitrous acid on primary 
amines results in their conversion into aquo alcohols. For exam- 
ple, when nitrous acid acts on methylamine it may be assumed, 
ignoring the primary formation of methylammonium nitrite, that 
in accordance with the equation, 

CH3NH, :N- -OH CH3OH, 

an N-methyl aquo-ammono-nitrite is formed which decomposes to 
yield aquo methyl alcohol and nitrogen. It may be reasonably as- 
sumed that the nitrogen initially separates as nitrous anammonide, 
N:EN. Examples of mixed acids containing residues of ammono ni- 
trous acid and aquo-ammono nitrous acid are listed elsewliere 
(cf. Chapter XX). 

Diazo Compounds 

In a review of Cain’s “Chemistry and Technology of the Diazo- 
Compounds,” ® Stieglitz ^ wrote in part as follows. 

“In the treatment of the subject, a point of view is missed which, it is tliouj^dit 
would make possible a clearer, simpler and more systematic presentation of diazo 
compounds — that is a more pronoimced and systematic 2 )resentati()n of tliem 
simply as derivatives of the nitrous acid radical N. In many of tludr most 
characteristic reactions (with phenols, anilines, diketoncs, nitroj)araiIinH, siiliites, 
in their molecular rearrangements, tautomerisms, etc.), diazo coinpoimds dupli- 
cate the behavior of the mother substance, nitrous acid, its salts, estcu-s and other 
derivatives, and to a certain extent we have also tlu' ri'ciirn'iici' of Uk' sanu^ 
problems which have been worked out for the aniline derivative's of other acids. 
In many ways it seems unfortunate that the word “dia,zo” was (‘V('r coiiu'd or 
that it cannot well be eliminated now. The functions of the two nitrogen atoms 
forming the “diazo group” are of course so radically diircia'id, and so jx'rsist ('iitly 
recognizable throughout all transformations that they miglit almost be atoms 
of two different elements. ... We have here exactly the same dillVrcnc(' as be- 
tween the radical Cl of hypochlorous acid and that of hydrochloric acid whose 
functions are fundamentally ditferent, . . 

It is apparent from this quotation that Stieglilz chuirly recog- 
nizes the diazo compounds as derivatives of nitrous acid, that is to 
say of tripositive or nitrous acid nitrogen, a view wliich to Lbe best 
of tbe writer's knowledge is nowhere else so clearly jaa-orded in I lie 
literature of tbe diazo compounds.” 

6 Edward Arnold, London, 1908. 

7 Stieglitz, J. Am. Chem. Soc., *30, 1797 (1008). 

9 Wieland, “Die Praxis des organischen Chemikers” (Cattermaiiii ) , 21st Ed., 
Berlin and Leipzig, 1928. 
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niteosamines ayd diazo compounds 

It will be our endeavor in tliis chapter to show that the diazo 
compounds are derivatives of nitrous acid. 

Diazobenzene. According to Hantzsch diazobenzene exists in 

CeH.N-OH 

four isomeric forms, ( 1 ) as benzenediazonium hydroxide, 111 , 

N 

n TT ISf 

(2) and (3) as syn-^^ and anti-diazobenzene hydroxide, ^ ^ I1 and 

HO-N 

0,H,N 

II , and (4) as phenylnitrosamine or pseudo anti-diazoben- 
N-OH 

zene hydroxide, 

Angeli accepts formula (1) for benzenediazonium hydroxide but 
in opposition to Hantzsch maintains that normal (labile-, syn-) 
diazobenzene has the constitution represented by the formula, 
CQHr,N(NH) while to the iso (stable, anti,) diazobenzene he 
ascribes either of the formulas, C 6 H 5 H::N-OH or CeH^NH-A-O. In 
this chapter we shall for the most part use these two formulas 
more or less indifferently to represent the several forms of diazo- 
benzene. From time to time it will be helpful to use the formulas, 
C^H-N=:N*"On and -N: -O, in which the one nitrogen atom 

is represented as ammonia nitrogen and the other as nitrous acid 
ni trogen respectively. 

Formation. 1. Benzenediazonium salts are formed by the action 
of nitrous acid on aniline in acid solution. When benzenediazonium 
chloride is treated with potassium hydroxide solution the potassium 
salt of normal diazobenzene is formed. When this salt is heated 
with concentrated potassium hydroxide solution at 130"' it is con- 
verted into the potassium salt of isodiazobenzene. Whether these 
compounds are st(*reoisomers, as claimed by Hantzsch, or possibly 
structural isomers, as maintained by Angeli, we must leave here 
an oi)(‘n (pK^stion, 

2 . Nornial diazobenzene is formed in fair yield by the actiim of 
hydroxylaniine on nitrosobenzeiie in alkaline alcoholic solution. 

Jnterpiading* the reactions involved on tlie assumption that no 
augnuuitat ion and reduction rea(‘tions intervene, in other words 
that the nitrosobeiizene and hydroxylaniine residues maintain their 

I'V} Uiiitzsch and laMidelien, "‘Dit* Diazoverbindungeii/’ Berlin, 1921. 

The syn- form is known in the form of metallic salts. 

i-This com])(juiKl lias not been isolated. 4-Xitrophenyliiitrosamiiie is known. 
Iv(‘f('rcnc(*s to the j)a[K‘rs of Angeli and of Hantzstdi are too numerous to he 
cited Innae Sia' Ibdlstcin. •‘ilandb. org. ('hem.,” 4th Kd., 16, 42(> (1033). 

^iTIiis formula may he said to represent nitrobenzene in whieh one of the 
oxygim atoms is rejilaeed by the imide group. 

llant/sch, JU r.. 38, (lOOo). According to Bamberger [2?cr., 28, 121S 

(ISOo) 1, isodi;izobcnzene is formed. 
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idcntitiGS in tlie reaction product, it Tvoiild be leasonable to co 
elude that liydroxylaniine acts on nitrosobenzene as represented 1 
the equation, CeHgNi ~0 -j- HgN : OH = CeHgN* -N . OH -}- 
form an oxime of nitrosobenzene. If normal diazobenzeiie is in fa 
an ester of aquo-ammono nitrous acid, and not an oxime of nitros 
benzene, it would seem to follow that the above-assumed primai 
product of the interaction of hydroxjlaniine and nitrosobenzei 
undergoes a Beckmann-like rearrangement, 

HO:N OcHgN 
C„H,N HO- K’ 

in that an exchange of positions on the i)a.rt of the plumyl and li 
droxyl groups involves the intramolecular augnumlal ion of tl 
phenyl to nitroso nitrogen bond and the reduction of hydroxylai 
ine to ammonia nitrogen and water oxygen. 

3. The sodium salts of normal diazobenzeiie ami isodifizobcmzei 
are formed, in very small amounts it is to be iioled, by llie acti( 
of sodium amide, suspended in petroleum ether, on nitrobenzene 

A fair yield of diazobenzene, identified in the form of i)hen 
azo-y5-naphthol, has been obtained by the action of [>otassium ami( 
on nitrobenzene in liquid ammonia solution.^® 

Deducing the structure of normal diazobeiizcne from tliese met 
ods of preparation one is led to conclude that normal diazobeuzei 
is derived from nitrobenzene by the sul)stitution of an NIT grouj) 
place of one of the oxygen atoms in nitrobenztoie, 

CeH.Nl ‘‘q + NH3 =r , f + j 1,0. 

The rearrangement of this formula for diazobenziene iiilo th(‘ g(‘ 
erally accepted formula, 

C„n,Nl — CJIgNi = (3JI3NII- -N: ( 1 „I [,N : :N' - on, 

involves the intramolecular augmentation of tin* ])h(myl to ]iit] 
nitrogen bond and the concomitant riMliudion of uilrog(Mi as if e 
ists in nitrobenzene to nitrous acid uit rogen. 

16 The reader will recall that the colon is used to represent bonds coneei-iiii 
the polarity of which no opinion is expressed. 

17 Bamberger and Wetter, Ber., 37, 621 ) ( 11 ) 04 ). 

18 Bergstrom and Fernelius, Chem. Revs., 12 , 151 ( lOOb ) . 

18a If Angeli is right in his view of tlie strueturi‘ of noi inal dia/ol)(Miz(‘ne li 
droxide, it appears that Ixiiizeiicdiazonium hydroxide is to hti lookinl upon as < 
electromer of normal diazobeiizeiie hy^droxidc r(‘i)reseui ed by the s('cc)nd of t. 
preceding tautomeric formulas. 
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4. By the action of nitrous anhydride (a solution of NOo and NO 
in chloroform) on aniline in ether solution Bamberger obtained 
isodiazobenzene Avhich he isolated in the form of its sodium salt. 
On the assumption that the reaction involved takes place as repre- 
sented by the equation, 

2CeH5NHo + N 2 O 3 zn 2CeH5N= :N^ -OH ^ 2CeH5NH- ^N: =0 + H^O, 

it is fair to conclude that isodiazobenzene is an N-phenyl ester of 
an aquo-ammono nitrous acid formed by the action of nitrous an- 
hydride on aniline which is an ammono phenol. 

5. The potassium salt of normal diazobenzene is formed by the 
action of a strong aqueous solution of potassium hydroxide on ni- 
trosoacetanilide.“® 

It may be said that by the hydrolytic action of potassium hydrox- 
ide a phenyl ester of a mixed aquo-ammono acetic aquo-ammono ni- 
trous acid is converted into potassium aquoacetate and the potas- 
sium salt of N-plienyl aquo-ammono nitrous acid as represented by 
the equation, 

CH3CO 

\ 

N- -N: :0 H- 2K0H = CH.COOK + CoH^NK- -N: =0 or 

/ 

C„H, 

C„n5N::N--0K + H„0. 

(). Under the action of mercuric oxide plienylhydrazine, in the 
form of its sulfate, is oxidized to diazobenzene sulfate or is con- 
v(‘rt(id into eiinimohn-ular (piantities of plienylazide and aniline de- 
])(*nding upon wlndlKU' inercnri<* oxid(‘ or j)lienylliydi-aziue is ke])t in 
ex(‘ess.“^ Uinhu' ilie first conditions pheiiylliydrazine is oxidized to 
a phenyl a(iuo-aniniono-uitrite as follows, 

0 ,n,NII : NIL + 20 r= C,n,NH- =0 + H.O. 

The formation of plienylazide and aniline by the interaction of 
])henylliydrazine and diazobenzene will be discussed in the follow- 
ing chapter. 

7. Diazobenzene choride is formed by the action of chlorine on 

I'J Bamberger, 27, 1948 (1894). 

lioHantzseh and Waehter, d/m. Chvm., 325, 229 (1920); Bamberger, Ber., 27, 
915 (1894), 30, 26G (1897). 

E. Fiscdier, Ann. Cheni., 190, 98 (1878). 
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phenylliydraziue in glacial acetic acid solution. A derivative 
hydrazine is augmented to a pheuylnitrous acid chloiide, 

CaHsNH : NHs + 2C1^ = CeHjN: :N' -Cl + 3HC1. 

At the same time elementary chlorine is reduced to hydrochlor 
acid chlorine. 

S. Diazobenzene has been obtained by the action of reducii 
agents on phenylnitramide.-^ The reactions involved consist in tl 
reduction of a phenyl aquo-amniono-nitrate to a phenyl a(]ii 
ammono-nitrite as represented by the equation, 

CeH,NHNO, CeHgNHNO. 

Diazobenzeneamide, Phenyltriazene, C,H,N=N-NH,. The form 
tion of phenyltriazene by the action of a cold solution of stannoi 
chloride and hydrochloric acid on phenylazide, 

:N: EN CeH,N: :N- 

may be regarded as consisting in the reduction of a plienyl amnion 
nitrate to a phenyl ammononitrite. 

Diazobenzeneamide reacts with phenylisocyanide, 

C,H,N=N~NH2 + OeHgNCO = CoH.N-N^Nl H UhNIK^.H „ 

to form benzeneazophenylurea.^® This compound is to looki* 
upon as a diphenyl ester of an ammono nilrons jkiuo ainmono ('a 
bonic acid, 

HN= :N* -NH- ~NR, ^ ILN- ^N: =N~ -N 1 1,, 

and not as an azo compound. Of this distinclly acid comjxmn 
Dimroth prepared the potassium, sodium and silvx‘r, 1 ,,( 
salts, the first two of which were not analyzed. 

Augmentation o£ Diazo Compounds. Ih^garding diazoIxm/xMi 
hydroxide and diazobenzeneamide as d(‘rivativ(‘s r(\s|)(‘(d i v(‘ly of <i 
aquo-ammono nitrous acid and an ammono nilrons acid om^ wont 
expect them to be susceptible to the action of augimmting ag(xiif 

22 Chattaway, J. Chem. Soo., 93, 852 (1908). 

23 Bamberger and Landsteiner, Ber., 26, 492 (1893); Biuiil)('rg('r, Bcr., 2/ 
1181 (1894). 

24Dimrotli, Ber., 2376 (1907). 

25Dimrotli, Ber., 40, 2387 (1907). 
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As a matter of fact many reactions are known wliich involve tlie 
augmentation of diazo compounds. 

1. The interaction of diazobenzene perbromide and ammonia to 
form phenylazide, as first accomplished by Griess may be ex- 
plained as consisting in the conversion of a phenyl nitrous acid 
bromide into a phenyl ammononitrate by the augmenting action of 
bromine. As well as by any one of several others which might be 
written the reactions involved are represented by the scheme, 

C^H^N^NBrj -Br — ^ :N: EBr^ 

— .tJHJBr 

(I) (11) (III) 


CeH5N=:N:3Sr. 

(IV) 


The perbromide (I), for present purposes, may be regarded as di- 
azobenzene bromide (II) and free bromine. The bromine augments 
the nitrous acid ester-bromide (II) to the nitric acid ester-bromide 
(III) which, under the action of ammonia, is ammonolyzed to the 
phen.yl ammononitrate (IV) and hydrobromic acid. 

2. In a paper entitled ^^Azotization by Chloramine,” Forster,-' 
describes the formation of phenylazide by the action of mono- 
chloramine on diazobenzene in cold, neutral aqueous solution. One 
of the several mechanisms whereby the reactions involved may be 
explained is represented by the scheme, 


0 J-I,Nr :N* -OH 


-f iroX<'! 


-IK'l 


> :K: _■ 


.-OH 




c«n,N- en. 


It is assunied that the ammono hypochlorous acid augments tlie 
phenyl a(iuo-ammono-nitrite to a phenyl aquo-araniono-nitrate and 
that tills unknown conqiound loses water to yield phenylazide. 

So also is plienylazide formed by the augmenting action of so- 
dium hypoliromiie and of silver nitrate on diazobenzeiieamide,-^ 

-NH. > CeH,Ni EN. 

(. o - _11.. « 

2. l>y the aciion of augmenting agents, such as sodium hypobro- 
mite, potassium ferricyanide and potassium jierinanganate, diazo- 
benz(uie has been converted into jihenylnitramide.-^ The reactions 
involved, which may be represented by the e(iuation, 

20 fJriess, Ann. Chcm., 137, OS (1860). 

27 Forster, J. Chem. ^oc.. 107, ‘363 (1915). 

2sDimroth, Bcr., 40, 2388 (1897). 

29 Bamberger and Storch, Bcr., 26, 477 (1893); Bamberger and Laiidstemer, 
Bcr., 485 (1893). 
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aH,NH- -if: =0 + 0 = C„H„NH- -Ni ‘[J - 

consist in the oxidation of an N-plieiiyl a(ino-ainin on o-iii trite to an 
N-phenyl aqno-ammono-nitrate and are identical in principle with 
those discussed under paragraphs 1 and 2 above in that in each case 
nitrous acid nitrogen is augmented to nitric acid nitrogen. 

4. The rearrangement of diazoaminobenzene to ami noazobenzene, 

-NHCeHg C.'R.'N : : 

may be said to consist of the intramolecular reduction of a diazo 
compound to an azo compound and the concomitant angmentation 
of a phenyl group to a phenylene group. 

Reduction of Diazo Compounds. By the action of redu(*ing 
agents certain aryl derivatives of a(iuo-animono nitrons acid are 
converted into the corresponding derivatives of hydrazine. For 
example, diazobenzene chloride in hydrocliloiic acid solution is re- 
duced to phenylhydrazine by the action of stannous chloride,'^^ and 
diphenylnitrosamine, in dilute acetic acid solution, is reduced to 
unsymmetrical diphenylhydrazine by the action of zinc dust.’^'^ The 
respective reactions, which, in principle, involve the reduction of 
nitrous acid to hydrazine, are represented by the (Hpmt ions, 

C,H,- -N= :N- -Cl ( i„U;,NT I : N 1 1 
( C„H,) -N: =0 ^ ( ( 1 J : N 1 1 

Hydrolysis of Diazobenzene. 1. lioiling couceni rat(Ml sodium 
hydroxide solution acts on diazobeiizene chl()ri(l(‘ to giv(‘ good yields 
of sodium aquonitrite.^- The reaction involvcMl may 1)(‘ r(‘pr(‘s(uit(Ml 
by the equation, 

+ 2NaOn = + Na( d -| Na N( ), 

and said to consist in the hydrolysis oC an apuoammono nitrous 
acid ester to form aniline and sodium apuonit rit.(‘. IIow(‘V(‘r aniline 
was not identified among the reaction ])roducts. 

2. Bamberger^® found that a(juo nitrous acid is s(d; tree when 

30 Meyer and Leeco, Ber., 16 , 2070 (1883)* 

31 E. Fischer, Ann. Chcni., 190 , 146 (1878). 

32 V. Pechmann and Frobeiiiiis, Brr., 27, 054 (1804). 

33 Bamberger, Ber., 28, 820 (1800). 
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the sodium salt of p-nitroisodiazobenzene is dissolved in cold, sixty 
per cent sulfuric acid. In principle the diazo compound undergoes 
hydrolysis as represented by the equation, 

+ HoO = NO.OgH.NH. + UNO.. 

3. Hantzsch reports the hydrolysis of the methyl ester of p-brom- 
diazobenzene to p-bromaniline and methyl aquonitrite, 

BrCeH^NiN-OCHs + H^O ~ BrC.H.NH. + CH^NO.. 

Since nitrous acid is used in the x^reparation of these diazo com- 
pounds and is recovered when they are hydrolyzed, it is reasonable 
to conclude that one of the nitrogen atoms in the diazo group be- 
haves as if it were nitrous acid nitrogen, the other as ammonia 
nitrogen. 

Further Reactions of. Diazobenzene. A few reactions selected 
from the very large number into which the diazo compounds are 
known to enter are discussed brietiy under this heading with the 
object in view of further substantiating Stieglitz' claim that the 
diazo compounds are derivatives of nitrous acid. 

1, Nitrous acid acts on diethyl malonate as represented by the 
scheme, 


(C„H,OCO) .OH; Aw (< =0 

on 

to form the oxime of diethyl mesoxalate. In eltect a methylene 
grouj) is augmented to a ketone groux), wliile at tlie same time ni- 
trous acid is reduced to hydroxylamine.^^ 

In a closely similar manner diazobenzeiie acts on dietliylmalonate 
to form a x)henylliydrazone of diethyl mesoxalate."^ The equation, 

{GaT/)CO)„CIL (CJ-I,0C0),01I : X: 

(CoH.OCO) „C: : XIIO Jl, 

rei)reKeiits the iilieuylhydrazoiie of diethyl laeso-xalale as being 
formed by the same intramolecular augmentation and reduction re- 

S4 Ihinlzscli, Bcr., 36, 30!)7 (1903). 

will 1)1! rcnilU'd that cdIoms arc iisad to reiiri'soiit iinioDs cuiii-orniiig which 
no assumptions are made. 

35 Conrad and BischoU, Ann. Chcm., 209, 211 (18S1); v. .Aloyer and Miiller, 
Bc7\, 16 60S (1883); Goldschmidt, 16, 1021 (1883). 

scElbers, Atm. Ghcni., 227, 355 (1885) ; R. Meyer, Bcr., 24, 1241 (1891). 
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actions as those involved above, excepting that here a phenyl a(pK 
ammono nitrous acid is reduced to phenylhydrazine, wliereas abov 
nitrous acid is reduced to hjdroxylamine. 

The much-discussed question as to whether in the first case a n 
troso or an isonitroso compound is formed and in the second a: 
azo compound or a phenylhydrazone need not concern ns liere 
though it may be said in passing that the well-known tendency o 
nitrous acid to act as an augmenting agent toward many con 
pounds of carbon supports the conclusion that the conij)onnd 
formed are respectively an oxime and a phenylhydrazone. It siii 
fices present purposes to have shown the striking similarity in th 
behavior of nitrous acid on the one hand and of the diazo eoni 
pounds on the other toward a class of compounds of which diethy 
malonate is an example. 

2. The reactions involved in the action of nitrous acid and diazo 
benzene respectively on the aliphatic nitro compounds are ver 
similar. Mtroethane for example reacts with nitrous a(*id, 

CHg^ CHg^ 

CH, CH ; N: ::0 ( J: '-N : ( )] I , 

/ - / / 

0,N O^N 

Co form ethylnitrolic acid,®’’ and with diazobenzeiie (o form a com 
pound which has been named benzeneazonilroet.liane. 


CH3 CH3 

\T:N::N(Vn„ 


OoN 




-luo ^ 

0.,N 


CH. 


03 


,0: iNrNITCJT,.®® 


In the one case a nitroso group, second foriinila, in tli(‘ first (Mjnal ion, 
is reduced to a hydroxy] cunine group, in iho otlua* a, lu^ar nitrogeu 
analog of the nitroso group, contained in the sia-ond forninla of (he 
second equation, is reduced to a phenylliydraziin^ ricsidiu', while in 
both cases the CHo group undergoes augnienlal ion <0 (,1h‘ (dl group. 

37 V. Meyer, Ann. Chem., 175, 98 (1875), 

38Hantzsch and Kissel, Ber., 32, 3146 (1899). 
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The close similarity in the behavior of nitrous acid and diazobeii- 
zene is here again exemplified. 

3 . Looking upon diazobenzene chloride as a mixed ester-chloride 
of nitrous acid one might expect it to be capable of undergoing am- 
monolysis in accordance with the equation, 


CeHsN^N-Cl + NHg -f HCL 


This particular reaction is not known to take place. Instead of 
diazobenzeneamide a very unstable compound represented by the 
formula, CeHsN^N-NH-N^NCeHg, and known as bisdiazobenzeneam- 
ide is obtained by the action of ammonia on diazobenzene chloride.^^ 
It may be said of this compound that it is a diphenyl ester of an 
hypothetical ammono dinitrous acid, 

HN- -NH- =NH HN- :N* -NIA,. 

Metallic Salts. Finally in agreement wdth the view that normal 
diazobenzene, isodiazobenzene and diazobenzeneamide are acid 
esters is the existence of the potassium and silver, CeH^ONoAg, salts 
of normal diazobenzene, of the potassium, CgHgONoK, sodium, 
OoHgONaNa, silver, CgHgONaAg, and mercuric, (CeHgONo) Jig, salts 
of isodiazobenzene and of the cuprous CgHeNgCu, salt of diazoben- 
zeneamide may be noted. Dimroth had in his hands the silver 
salt of diazobenzeneamide but did not analyze it. 

Diazoaminobenzene. Looked upon as a diphenyl ester of tri- 
basic ammono nitrous acid diazoaminobenzene should show acid 
properties which as a matter of fact it does. In liquid ammonia 
solution it conducts the electric current and reacts with certain 
metailic amides to form salts.^- The sodium, C6H5N=N-N{Na) C JI5, 
silver, <3iollioN3Ag, cuprous, C12H10N3C11, cupric, oLu, 

and mercuric salts are recorded in the chemical literature. A mag- 
nesium suit of the formula, CgllgN-X-AJ^Nlgl) 0^11-., has also been 
prepared. 44'-l)iiiitrodiazoaminobeiizeiie is an acid of sullicieiil 
strength to decompose alkali carbonates.'^^ 

For the rest we must content ourselves here with a general state- 
ment to the ellect that the methods of preparation and the many 
reactions into which diazoaminobenzene has been observed to enter 
are entirely in harmony with the assumption that it is an N-N'-di- 
phenyl ammononitrite. 

30 V. Peclimann and Frobenius, Ber., 27, 898 (1894j ; 28, 171 (ISOG). 

40 Dimrotli, Ber., 40, 2376 (1907). 

41 Griswold, Thesis, Stanford University, 1926. 

42 Fernelius, Thesis, Stanford University, 1926. 

43 Meldola and Streetfield, J. Chem. 800 ., 51, 445 (1887). 
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Derivatives o£ an Hypothetical Aquo-Ammono Nitrous Acid of 

the Formula, HNi HNf Acpio nitrons acid is usually 

regarded as a tautomeric compound to wliicli either of the formulas, 
HONO or HNOj are ascribed, while methyl nitrite and nitrome- 
tliane are isomers represented respectively by the formulas, OIT 3 ONO 
and CHjlSrOs. Assuming that those properties of aquo iiiirons acid 
which determine the existence of isomers such as melhyl nitrite 
and nitromethane also inhere in the mpio-animono acid it follows 
that it is reasonable to expect that derivatives of a.(ino-ammono 
nitrous acid represented by the above formulas may be found re- 
corded in the literature. 

In agreement with these speculations is Angel i's establishment 

of the formula^ CgHgN , for azoxybenzoiie and his conten- 

NC«H, 


O 

// 

tion that normal diazobenzene has the striictnre, (IjTI.N 

\ 

NH 

These two formulas represent nitrobenzene in whielii one of the oxy- 
gen atoms is replaced by the NCoHo group and the iinidci group re- 
spectively. 

One might well conclude from its formation by (be action of 
phenylliydrazine on nitrosobenzene as re])r(‘s(‘nl(‘<] by (;li(‘ sclnnne, 


2C,H,N: ~0 -f H.N : 




-(> 

=N:NII(lir 


(^dl,Nll:01L 


that Ihimberger's pbeiiylazoliydroxyanil i<l(‘ " is a i>li(*nyiliy(lrjizi(l(x 
of nitrobenzene, wliicli in ollnn- words is (o soy a d(‘rivaMve of Hk^ 
tautomeric form of nitrons a.eid of lli(‘ fornmlo, UNO.,. 

Kepreseiiting 1-phenylbenzotriazol and 2 jilnmy (benzol riazol l)y 
the respective formulas, 


C„IT. 

it may be said that the first c()mj)()und is a jdienyl ('ster of an acid 
phen^\ lene ammononitritu and that tiu* .s(‘cond may h(^ lookiul npon 
as nitrobenzene in which the two oxygini alonis ac(! r(!placed by 
the phenylenediainine residue, (Jclir.N..* 

« Bamberger, Ann. Chem., 420, 107 ( Mil!)) ; Jlch,. ohim. Ada, 14, 2,04 ( li);il). 
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In further substantiation of the view that the diazo compounds 
are derivatives of nitrons acid nitrogen it is undertaken in this 
chapter to compare the beliavior of aquo nitrous acid and the diazo 
compounds in respect to their action on liydrazine and hydroxyl- 
amine and their derivatives. 

Nitrous Acid and Hydrazine. Assuming that the reactions in- 
volved in the action of diazo compounds on the hydrazines will ])e 
found to parallel more or less closely those which take place when 
nitrons acid acts on hydrazine it will be helpful in connection with 
our later discussion of some of these reactions to speculate hei^e in 
some detail concerning the action of hydrazine on the three nitrous 
acids of the respective forniiilas, H0-*X:=0, known in solution and 
in the form of esters and salts, HoX- -X: -0 HX= :X* -OH, and 
HgX- =XH, known in the form of esters and ester-salts. 

It seems to be fairly well established ^ that two primary reactions 
are involved in the action of hydrazine on nitrous acid, the one, 
greatly predominating in the presence of weak acids, yields nitrous 
oxide, ammonia and water, 

II.X : XIT, + IIOXO z= XoO -f XH^ + IRO, 

the otli(‘r, which is favored by the presence of strong acidvS, gives 
hydrazoic acid and water, H ‘x : NH, + HOXO = HXXX + 2H,0.- 

J laving shown that hydrazoic acid is fairly certainly a tautomeric 
(‘()in])onnd to wliich either of the formulas, HX-:X::X or HX : X,® 

X 

may ascril)e(l, and reciilling that we have adopted the symbols, 

1 Soniinor, u)i()y(}. Vhcm., 83, HO (15)13) ; Sommer and Pineas, Bo'., 49, 23!) 
(• 5 ) 1 <>)- 

“ N it rof^cii, u liicli also ai)i)oarsi amon^ tlie produets of tin? interaction f)f nitrous 
acid and Tiy<lrazine in stroiij^ acid solution, is formed along witli nitrous oxi<le as 
llie r(\sult (d* a, i-eaetion takiiigpUiee between liydraz<jie acid and nitrons acid. Som- 
mer \Bcr., 48, 1S34 (llJla)] writes the equations, Xo:XH -f HU.XO =r X,:X.XO 
4-l[.,(), and N.. :N.Xt) — X. -f- NX), to rei>resent tlie reactions involved. This 
hypothetical conipuuiid, XjX.NO, containing one nitric acid nitrogmi atom, one 
nitrous acid nitrogim atom, two ammonia nitrogen atoms and one water oxygen 
atom, decomposes to form nitrons ainunmonide (nitrogen) and nitric anlndride- 

ananinionide (nitrons oxide). ^ , , , , 

3 It will be recalled ((.'liapter XIV) Unit hydrazoic acid may even bo looked 
upon as a cylie ammonu hypoiiitrous acid. 

301 



302 


THE NITHOGEN SYSTEM OF COMPOUNDS 


:N:, N:, and ISE, to represent nitric acid nitrogen, niirous acid 

nitrogen hydrazine nitrogen and ammonia nitrogen respectively, we 
may reasonably speculate as follows concerning the action of hydra- 
zine on the three nitrous acids. It is assumed that tlie primary 
reactions involved in the action of hydrazine on the respective acids 
take place in accordance with the equations, 

1. HO'-N.-rO + H^NrlSrH, = HO--N:=N:NH, -f H,0 

(I) 

H0--N:--N:NU3 + NIL, 

2. HO--N::NH + H,N:NH,(^ (I) 

^H.,N-*N:-N:N1I, + n„0 

(11) 

3. H.,N- -N: =NH + H,N : NH, = H,N- -N: -N : Nil .. + N1 1 

( 11 ) 

forming in the first case the nitrous acid hydrazide (I), in tlie third, 
the nitrous acid hydrazide (II), in the second either (I) or (II), de- 
pending upon whether water or ammonia is eliminated. 

As represented by the equation, 

4. 0--;N--NH;NH3-0=:N::^5=- HO-'Nii^!!^ HO--Ni:^'^^’ 

(I) (III) (IIP) (IlP'f 

it is further assumed that the nitrous acid hydrazide r(q)r(*seHled 
by formula (I), by intramolecular augmentiition and rc'diicl ion," is 
transformed into an aquo-ammono nitric acid, ( 1 1 1 ) ( 1 1 r ) (III"), 
which, together with the nitrous acid liydrazide (1) (exists in laiito- 
meric equilibrium.® 

Assuming finally that these hypothetical (:uitonicrs may lose 
water or ammonia as represented by the schemes. 


5. HO- ’N; =N : NH. :N- -NH : Nil. 


(I) 


(P) 


IIN: N 

N 


C. 0=:N: 


-NH, 

:NH” 


(III) 


:nO-‘NI 

(IIP) 


:Nn 
:NII ■ 


: no- -N! 


-Nil. 

EN 


(III") 


/'llN-:Ni"N 
'^NE;N: ;() ni 


i.,o 


• “'rT ivaiTiiiigcmeiit of (1) inli, (III) (III') (III") 

iiivolvos the augmentation of nitrous acid nitrogen lo nitric acid nilrog.'n and 
the conconutant reduction of hydrazine nitrogen to anunonia nilrogen 

no „ d’ u't ml' r" ''.V<lrazoie acid is a tallonicri,. cone 

jjoiiiia IS taken to justify these assumptions. 
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we find hjdrazoic acid appearing as a cyclic nitrous acid hydrazide 
and as an ammono nitric acid; nitrous oxide as a nitric anhydride 
anammonide.'^ 

In a similar manner the second nitrous acid hydrazide (II), 
acting as such or as an ammono nitric acid (lY) ( IV' ), is assumed 
to be capable of breaking down to form hydrazoic acid and am- 
monia as represented by the equations, 


7. H^N- -N: ^ :N- -NH : 

(II) (IF) 


S N- 'N: HN: :Nr^^ 

/TW\ 


hydrazoic acid again appearing as a cyclic nitrous acid hydrazide 
and as an ammono nitric acid. 

The only justification for these speculations as to the manner 
in which the three nitrous acids react with hydrazine is that they 
put us in a position which enables us to explain in a very satisfac- 
tory manner the many reactions which have been observed to take 
place between nitrous acid and certain derivatives of hydrazine on 
the one hand and those which are involved in the action of diazo 
compounds on hydrazine and its derivatives on the other. It will 
api)ear as we proceed that in their reactions with derivatives of 
hydrazine, nitrous acid and the diazo compounds behave in a strik- 
ingly similar manner. 

Diazobenzene and Hydrazine. hen hydrazine hydrate is added 
to a cold solution of diazobenzcme sulfate a practically quantitative 
yield of plienylazide is obtained. In strongly alkaline solution, in 
kddition lo phenylazide and ammonia, considerable quantities of 
hydrazoi<* acid and aniline are formed.® In explanation of these 
observations it may be assumed that in accordance with The equa- 
tion, 


(^jlI^.N!!- 'N: =0 + lIoN : NHo ~ C\.II-N1I- 'N: : Nil. -f H.O, 

a phenyl nitrous acid hydrazide is formed which, as such or as a 
})henyl ammononitrale, decomposes into [)henylazide and ammonia 
and into hydrazoic acid and aniline in a manner which will be clear 
from a comparison of the scheme, 


7 Since the formal loss of ammonia on the part of tautomer (1) would 
tlie conversion of a nitrous acid hydrazide into a cyclic nitrous acid oxime, it m 

arbitrarily assumed that such a reaction does not take place. nso*^) 

HCurtius, Bcr., 26, 1267 (1893); JNoelting and Michel, 26, 8b (lb93). 
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CeHjNHo + HN : N <- 0 :N' -Nil : NIT, 0,JT,N : N + NH, 

Sf U ^ 

-Nil 

OsH^NH, + HN= :N; EN <- OoH^N- :N: -» C„H,N: :N: EN + NHj 

with equations T and 8 on page 30^. 

Nitrous Acid and Phenylhydrazine. An unstable compound, 
known as plienjlnitrosohydrazine, is obtained when sodium nitrite 
is added to a cold solution of plienyllijdrazine hydro(*hloride, 

CgH.NH : NH^ + HONO = CoH^NH : N= :N* -( )] I or 
CcHsN:NHo + n,().*^ 

ir: =0 

Assuming that this pheiiylhydrazide of niti'ous a.eid decomposes 
after the manner represented by ecpiations 5 and (>, page* for the 
decomposition of an hypothetical nitrous aeid hydrazide tlum, de- 
pending upon conditions, one might exi)ec( phenylnitrosohydrazine 
ready to break down either into nitrous oxide and aniline or into 
phenylazide and water. As a matter of fact when luxated with 
nitrobenzene solution it yields nitrous oxide and aniline almost 
quantitatively while heating in dilute alkali solution giv'es a, prac- 
tically quantitative yield of phenylazide. 

Diazobenzene and Phenylhydrazine. 15y the inlei'acl ion of 
phenylhydrazine and diazobenzene in cold aipieous ac(dic acid solu- 
tion a phenylnitrous acid phenylliydrazide is fornuMl, 

CeHgN: tN* -OH + CJI.NII : Nil, rn ( 1 ,,N= :N‘ -N 1 1 : N 1 1 ( 1 1 , or . 
C„H5N=:N^ -NiNH, -f 

The same compound has been obtaiiUMl by th(‘ angimuiting action 
of iodine on phenylliydrazine in mpu^ons sodium carbona((‘ solu- 
tion.^^ 

When warmed in water solution this unstable pluuiyl nil rous a,cid 
phenylliydrazide decomj)oses to foian [)li(my lazi(I(‘ and anilim^ in a 
manner which will be clear from a considcu'a I ion of (Mjuat ions 7 and 
8 on page 303. 

Nitrous Acid and Hippurylhydrazide. liy th(‘ a(*tioii of nitrous 
atid on hippurylhydrazide (hirtius^^ o])ta,in(Ml a nimdy [)cr cent 

9E. Fischer, Ann. Ghcm., 190, (1S78) ; ;Hainl)('r^^(‘r and Ihuisin- Ann. (Uivm., 

375, 316 (1910). 

10 F. Fischer, Ann. Chem., 190, 94, 101 (1SS7) ; W'olil, JU r., 26 ir)S7 (185)3); 
Wohl and Scliiir, Her., 33, ^^748 (1900). 
iiStolle, J. pra/ct. Chem., L2| 66, 326 (1802). 

13 Curtins, Ber., 23, 3025 (1890) ; J. praht. (Ahnn., 121 52, 252 ( 1895). 
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yield of a crystalline compound, wliicli, thougli not satisfactorily 
analyzed, was very probably a mixed hippuric acid nitrous acid 
bydrazide of the formula, 


CoH,CO-NH-CH,-CO* -NH : :N* -OH or 

CcH^CO-NH-CH^-CON : NH. 

h-O 

When this compound was heated with acid or alkali solution hip- 
puric acid and hydrazoic acid were formed; the reactions involved 
undoubtedly following the one or the other of the courses repre- 
sented on page 301 for the decomposition of an hypothetical ni- 
trous acid hydrazide. 

Diazobenzene and Hippurylhydrazide. By the interaction of 
benzenediazonium sulfate and hippurylhydrazide in ice cold water 
Curtins obtained a compound which he formulated as follows, 
C,n,CO-NH-CHoCO-NH-NH-N=N-C«H 5 , and to which, on the basis 
of a supposed analogy between the hydrocarbon chain CH-^CHo- 
OH^CHo and the nitrogen chain, HoN-NH-N^NH, he gave the name 
hippurylphenylbuzylene. The compound is clearly a mixed hydra- 
zide of hippuric acid and a phenylnitrous acid as shown by its for- 
mation by the interaction of hippurylhydrazide and diazobenzene, 

CeH.CO-NH-CH.CO^ -NH : NH. + -OH = 

CeHsCO-NH-CHoCO-NH : NH- *N: ^NC.H^ + H.O, 

and by its ready decomposition in accordance with the e<iuations 7 
ai|d 8, j). 303 to form plienylazide and hippuric amide on the one 
hand and aniline and hippuric acid azide on the other. 

Many other examples might be given which would further empha- 
size the remarkably close resemblance between nitrons acid and the 
diazo compounds in respect to the reactions they undergo with hy- 
drazine and its deriV'atives. 

The Action of Hydroxylamine and of Phenylhydroxylamine on 
Nitrous Acid and on Diazobenzene. Without entering upon any 
extended speculations concerning the mechanisms of the rea< tions 
involved, which in a general way may be assumed to resemble those 
discussed at the beginning of this chapter, we content ourselves 
here with a brief summary of the interactions of nitrous acid and 
hydroxylamine, of diazobenzene and hydroxylamine, of nitrous acid 
and ph'eiiylhydroxylamine and of diazoheiizene and phenylhydroxyl- 
amine. It will appear that nitrous acid and diazobenzene strik- 
ingly resemble each other in their behavior toward hydroxylamine 
and phenylhydroxylamine. 

14 Curtius, Ber., 25, 1267 (1893). 
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Nitrous Acid and Eydroa^i/Iamine. Nitrons acid a,cis; on bydrox- 
ylainine to form, for the most part, nitrous oxide and water, 

H0-N=0 + HoN : OH = NEN=0 + H^O. 


Diazol)enzene and Hydroxylamine. Nitrous oxide and aniline, 
phenylazide and water have been obtained by the interaction of 
diazobenzene and hydroxylamine.^® 

Writing the scheme. 


CeH5NH-*N:=0 


-f-HoNOH 

^ 

-HoO 


CeH.NH- ^N: =N : OH CgH^NH- *NI 


EN 

-OHN 


NE:N: =0 + CcH^NH, 
CeH,N--:N:EN + H,0 


to represent the reactions involved it may be said that a phenyl 
nitrous acid oxime, formed by the action of hydroxylamine on di- 
azobenzene, decomposes by way of a phenyl aquo-anmiono-nitrate 
to yield the four products formulated above.^® 

Nitrous Acid and Phenylhydrowylamine. Nitrous acid acts on 
phenylhydroxylamine, it may be assumed, as represented by the 
equation, 


OeH^NH : OH + HO- *N: =0 = CeH,N : OH + H,0, 

N: =0 


to give a practically quantitative yield of phenylniirosohydroxyl- 
amine,^^ a fairly stable compound, which may be looked upon as an 
N-phenylhydroxylamine and at the same time a nilrous acid oxime. 

The same compound has been obtained by the action of hydroxyl- 
amine on nitrobenzene,^® 


: OH = G„H„N1 1® . + H.O, 


a method of preparation which Angel i interpreted as (‘onsi sting in 
the formation of an oxime of nitrobenzene. Apparently the Ivvo 
formulas represent tautomers of one and the same (‘ompound. 

Diazolenzene and PJienylhydroxylaniinc. In a similar manner 
diazobenzene in hydrochloric acid solution reacts wilh plienylhy- 
droxylamine in accordance with the equation, 


15 E. Fischer, Ann. Chem., 190 (1878) ; Mai, Ber 25 (180^) 

P- 302 and 7, 8, p, 303. It is iniercHtin^r u, ro(.ill tlnit the 
obtained when the unstable phenylnitrosoliydrazine 
undergoes decomposition (p. 304). 

i7Wohl nm, 27, 1436 (1894); Bamberger, Ber., 27, 1553 (1894) 

IS Angeh, Ben, 29, 1884 (1896). ^ 
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: OH + C,H,N-- :N. -Cl = /.gceH- + 

forming a compound which is to be regarded as phenylnitrosoliy- 
droxylamine in which the nitrous acid group, is replaced by 

the phenylnitrous acid group, It may be said that the 

compound is at the same time a phenylhydroxylamine, a nitrous 
acid oxime and a nitrous acid phenyl ester. 

The same compound has been prepared by the interaction of ni- 
trosobenzene and phenylhydrazine and named jdienylazoliydroxy- 
anilide by Bamberger.^^ 

The object aimed at in the preceding discussion has been to em- 
phasize the close parallelism which exists between nitrous acid and 
diazobenzene in their behavior toward hydrazine and hydroxylamine 
and tlieir derivatives thereby bringing support to our assumption 
that the same nitrous acid or tripositive nitrogen is present in 
both nitrous acid and diazobenzene and that the second nitrogen 
atom i)resent in the latter compound is ammonia or trinegative ni- 
trogen whicli functions in diazobenzene as water or dinegative oxy- 
gen does in nitrous acid. The speculations coucerning the mech- 
anisms of the reactions discussed are of minor importance though 
in the writer's opinion perhaps worth while. 

Nitrogen Chains 

Two Nitrogen Atoms. The unknown diimide, ITX::X1I, hydra- 
zine, lIoN:NIIo, and hyponitrous acid, Ti()N::N01I, together with 
(heir derivative's (‘ontain two nitrogen atom chains. 

Three Nitrogen Atoms. Triazene, whicli is an unknown ani- 
mono nilroiis acid, IIN= :N* -Nlfo, and its derivmtiv'es such as diazo- 
benzeneamide, ( ^tnd diazoaminobenzene, C\;H,,X= 
-Nl 1( \;I I-, c'ontain three nitrogen atom chains as do also certain 
derivatives ot the ]uirely hypothetical nitrous acid hydrazide, 
JIO- ‘N: =N : NI L, and the nitrous acid oxime, II.X- *X— X : OH, such 
for exa,m[)le as the nitrous acid phenylhydrazide, (0;H-X1I:X“- 
:X* ”( )1 1 (]). '>t)4, this chapti'i* j , and so-called [iln'iiylazoliydroxyanilidic 
(4,JT.,N:01I (p. o()7, this chapter), which may be regarded as a 
'Nr-NCJI, 

phenyl ammono nitrous acid derivative of plienylliydroxylaniiiu'. 
Blienylazide, whether looked upon as a straight chain or a cyclic 
com[)oiind, contains a, chain of llii-ee niti*og(*n atoms. 

Four Nitrogen Atoms. (h)ni[)ounds containing cliains ol tour ni- 

0)Bainb(‘rg(‘r, Her., 29, i04 (18i)()), 33, 8509 (IDUD); Aj/r. (’/udu. 420, 1">3 
(1920); rrr/ 7 \ GhUn. Acta, 14, 242 (1931); Bamborgor and St iagelinann. 

32, 3334 (1899) ; Bamberger and Rising, Ann. Chem., 316, 267, 271 (19U1). 
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trogen atoms are certain nitrous acid liydrazides already discussed 
among them Curtius’ hippurylphenylhuzylene, C„1I..,CON1I-CH,CO- 
NH : N: IN' -NHCoHs (p. 305, this chapter), and tlie tetrazenes, 
known also as tetrazones, which are obtained by oxidizing nnsym- 
metrical dialkyl and diaryl hydrazines.^" Tetraethyl tetrazcuie, for 
example, is formed by the actit)n of nun-curic oxide on a-dietbyl- 
hydrazine.'" Writing the equation, 

(C2H5)2N : NHj + 20 = (C,HJ ^N- -N : : N- -N(OJIJ , -f 2H,0, 

to represent what takes place the reaction invoiced may b(^ said to 
consist in the oxidation of diethylliydrazine to a, tcdraetliyl ester of 
an ammono hyponitrous acid. Tetraxdhyllelraziiui may i)erliaps 
just as well be given the tautomeric formulas. 


N 


(C^HJ ,N : N: :N' -N (C JIJ „ ( 0 Jl,) ,N- -N' -N ( ( 1,1 1, ) „ 


which represent the compound as a. dietliylhydi-azide of a. dietlivi- 
nitrous acid and a tetraethyl ammononitrab' n'sjx'ci i\'ely. 

In harmony with the view that tetraelhylletrazeiK' is an ester of 
an ammono h,yponitrous acid, is the iiarallelism which exists be- 
tween the decomposition this compound nnde)'g()(‘s wlnm wanned 
with dilute hydrochloric acid and that which lak(*s jilaet' on warm- 
ing diethyl aquohyponitrite with watcn-. In the latU'c cas(‘ (dhyl 
alcohol, acetaldehyde and nitrogen are fornu'd, in tli(‘ former di- 
ethylamine, ethylamine, acetaldehyde and nilrog(m. A way of e.x- 
plaining these results is summarized in the |)arall(‘l schemes. 


CH^CH, 

1 . : 

0-'N::N-0C..lI, 

(I) 


Oil 


(III) 


+ 0.,Ib,O- -NiiNII 
(IV) 


CH,CII„ 


('IIJ’II' \ NM(’.,II 


CvH5N-'N::N -N(0.,II.)., c u nH 

(V) “ ■ (VI) 

CII/in;rN(UL, + (('.,11-,)„N- NI^NII 
(VTIt ■ (Vlii) 


^90, 1(!7 (1877); VVichuHl, Hrr., 
-oji.. insclier, Ann. Chcm., 199 , .‘HO ( 1879 ). 


41, :M!)S 


( 1908). 
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Tlie aquo hyponitrous acid ester (I), undergoing a Beckmann- 
like rearrangement, passes over into the acetaldehyde-acetal, (II). 
This compound, decomposing after the familiar manner of the 
half -acetals, yields acetaldehyde, (III), and the nitrous acid ester, 
(lY), which latter unknown compound loses nitrogen (nitrous an- 
ammonide) to form ethyl alcohol. The second scheme represents a 
tetraethyl ammonohyponitrite as undergoing a closely similar re- 
arrangement into the acetal (YI) which breaks down to form (YII) 
and (YIII). The aldehyde-ether (A^II) hydrolyzes to acetaldehyde 
and ethylamine, the unknown nitrous acid ester, (YIII), decomposes 
to form diethylamine and nitrogen. In each case the assumed re- 
arrangements involve, in principle, the augmentation of an alcohol 
to an aldehyde and the concomitant reduction of a hyponitrous acid 
to a nitrous acid.^^ 

Benzyl hyponitrite decomposes in a similar manner to form ben- 
zyl alcohol, benzaldehyde and nitrogen.-^ 

It is interesting to note that p-tetratolyltetrazene containing no 
augmentable alcohol group cannot rearrange as tetraethyltetrazene 
has been assumed to do. When heated in xylene solution it breaks 
down to form tetratolylhydrazine and nitrogen,-^ 

( ) oN- -N ( C,H, ) o -» ( ) .N : N ( + 

the two end ammonia nitrogen atoms undergoing augmentation to 
hydrazine nitrogen the middle hyponitrous nitrogen atoms reduc- 
tion to elementary nitrogen. 

Five Nitrogen Atoms. The comi)Oiind represented l)y the for- 
mula, (C\.H..,N=N) 2 NCJT 5 , and known as bis-benzeiiediazoaniline, 
contains in its molecule a chain of live nitrogen atoms. It may be 
looked upon as a triphenyl ester of an hypotlietical aciuo-ammoiio 
nitrous acid of the formula, HN= NH- -N— Xn. Hantzsch's - * 
p-nitrobenzenediazoniumazide when represented by the formula, 
N(M\;H.,N-:N-N=:X:EN, contains a chain of five nitrogen atoms. 

Six Nitrogen Atoms. An exam[)le of a compound containing a 
chain of six nitrogen atoms, N^HCN-N^NII-NII-X-XCIIX^, known 
as bis-diazotetrazolhydrazide, has been prepared by the action of 
hydrazine on diazotetrazole.-'" The reaction presumably takes place 
in accordance with the caiuation, 

^i^Zorn, Bcr., 11, 1(533 (1S7S) ; E. Fischer, 2?rr., 11, 2210 (187S); Ann. rhem., 
199, 324 (1870). 

^i^Huntzseh and Kaiifmann, Ann. Vhem., 292, 329 (ISOO). 

2-1 Wieland, Bcr., 41, 3506 (1908). 

25 Ilantzseli, Bcr.^ 36, 2056 (1903). 

20 Hofmann and Hock, Bev., 44, 2053 (1911). 
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2]Sr,HCN= :N* -OH + H^N : NH. = N.HCN^ :N* -N1 1' : Nil- ‘N: KHTN, + 

211,0, 

from whicli it appears tliat the coiiipouiul is Ji cliiei razolo (l(‘rivative 
of an hypothetical nitrous acid hydrazide of the formula, 

HN= :N^ -NH : NH- ^N: =NH H.N- ^N: =N : N- :N* -NH^. 

Eight Nitrogen Atoms, Compounds containing ehaJns of seven 
nitrogen atoms are apparently unknown. 

Bis-diazobenzenediphenyltetrazone, formed by the action of potas- 
sium permanganate on diazobenzenephenylliydrazide, 

20eH5N= :N* -N : NH^ C^H.N" :N^ -N- *N : : N^ -N- ^N: =NC JT„ 
CeH, CJT, 

(I) (H) 

is an exami)le of a compound containing a chain of (iight nitrogen 
atoms.^^ 

Assuming that the action of the potassium permanganate con- 
sists in the dehydrogenation of the hydrazine group contained in 
the diazobenzenephenylliydrazide (I) to an ainmono hyponitrous 
acid group, as shown in (II), it becomes niasonahle to say that 
Wohl and Schiff’s compound is a telraplienyl (ssUu' of an liypo- 
thetical mixed ainmono nitrous ammono liyponil rons acid of tlie 
formula, HN=:N-Nn-*N::N-NH-*N:::Nn. Alternately this com- 
pound may be given tlie formula, 

N 

C,H,N= :N* -N- # -N- =N( \JI,, 

(yi, CJl, 

which represents a letrajihenyl (‘s((‘r of an ainmono nilric ainmono 
nitrous acid. Tliis formula, conla.ins a chain of s(‘V(m nilrogim 
atoms. 


^7 Wolil and Scliilf, Bcr., 33, 2741 (11)00). 



CHAPTER XXXIII. 


AQUO-AMMONO SULFONIC ACIDS. 


Ammono sulfonic acids, that is to say compounds represented by 
the formulas, RS(NH) 2 NHo or RS(N)NH, and therefore related to 
the aquo sulfonic acids as the acid amidines are related to the car- 
boxylic acids, have never been prepared either in the free state or 
in the form of derivatives. However many compounds are known 
which may be regarded as mixed aquo-ammono sulfonic acids. For 
example, benzenesulfonamide and benzenesulfonimide, are aquo- 
ammono benzenesulfonic acids. 

Benzenesulfonamide, Aquo-Ammono Benzenesulfonic Acid, 
CeH^SOgNHa. Benzenesulfonamide exhibits very distinctly the 
properties of an acid. In solution in liquid ammonia it discharges 
the red color of an alkaline solution of phenolphthalein, conducts 
electricity with facility, attacks the alkali metals, calcium, mag- 
nesium, and zinc with the evolution of hydrogen and reacts with 


ammono bases to form salts.^ 

Metallic Salts. Following is a list of metallic salts which have 
been prepared using liquid ammonia as solvent in which to accom- 
plish the reactions involved. Excepting as otherwise indicated 
these salts are soluble in liquid ammonia and were obtained Avell 
crystallized. 

Monopotassiiitii Aqiio-Ainmono-Bcnzcnesulfoiiatc. 
is formed when solutions containing CMpiimolecular amounts of ben- 
zenesulfonamide and potassium amide are ])rought together.^ ^ 

Dipotassium Aquo-Ammono-Benzcncsalfonate, ^ m 

formed as a bulky, amorphous precipitate when benzenesulfonamide 
is added to an excess of potassium amide. ^ 

Bilvar Aquo-A mmono-Benzenesal foliate, C^IUSOoNHAg and b.d r.' 

SO NrTAg2NH.,. The diamiuonated salt loses one moleeule of am 
monia iirVaeunm at laboratory temperature, the second molecule 
is expelled at l20^ the salt at the same time uiiderg<ung more 
or less ammonolysis in the manner represented by the eiiuation. 


(^dl-SO.NIIAg + Nll, 


(yH-SO.NII. -{- AgNlb.. 


lieiizenesulfonamide silver was tirst 


obtained many years ago by 


1 Franklin and Kraus, Am. Chem. J., 23, 292, 
ford, Am. Chem. J., 28, 83 (1903) ; Franklin, J. 
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304 (1900); Franklin and Staf- 
Am. Chem. Soc., 37, 2279 (1915). 
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I 

adding silver nitrate in alcoholic aniiiionia solution to an alcohol 
solution of the acid amide.^ 

Mctgncsiiwi Aquo-AMMono-Beifizenesuljondtc, (C6lIjjS02NH) 2Mg 

md (CeH5SO<2NH)2Mg.xNH3. This salt, containing an undeter- 
mined amount of ammonia of crystallisation, has been obtained by 
the action of a solution benzenesulfonainide on metallic magne- 
sium, The well formed crystals of the ammonated salt effloresce in 
vacuum at laboratory temperatures thus yielding the anammonous 
salt. 

Thallous Aqm-Ammono-BenzenesulfonatG, GJI^SOoNHTl, CcH^- 
SO2NHTI.NH3 and C6H5SO2NHTI.3NH3, is formed by dissolving 
thallous nitride in a solution of benzenesulfonamide. In vacuum 
the diammonate loses one molecule of ammonia at 20° and is com- 
pletely deammonated at 120°. 

Ouiwoubs Aquo-AmmonO’BGnzGnesuljonatey Cyllr^SOoNIKhi and 
C6H5SO2NHCU.2NH3. This salt is formed by dissolving ammonous 
cuprous nitride in a solution of benzenesulfonainide and allowing 
the solution to rest in contact with a piece of cop])er foil until it 
becomes nearly colorless. The ammonated salt loses its ammonia 
of crystallization at temperatures around 100°, at th(‘ same time 
undergoing a certain amount of ammonolytic decomposition. The 
salt is verj" susceptible to the action of atmos})heric air, the least 
trace of which gaining entrance to the ])rei)a.ration tube bi'ings 
about the formation of a blue layer on the surt‘a,c(^ of th(‘ sol ui, ion. 

Cupric A qiio-Amnwno-BenzGUGsn I f())i ai c , (G,5nr,S( 1 1 ) hi.INI I., 

a 7 id (C6H5S02NH)2Cu.TNH.,. The heptammonated salt is obia,in(‘d 
in the form of intensely blue crystals by concent ra < ing and cooling 
the solution formed by dissolving cn[)ric oxid(‘ in a solution of tlu^ 
acid amide. In vacuum at laboratory tcunjHU'at nr<* the lu^ptammo- 
nate loses three molecules of ammonia. At higlun* tcmpxu'al ur(\s (Ik* 
salt is converted into a mixture of tlu‘ cuprous salt ami i'lva acid 
amide with the siniultaiieous evolution of nitrogcui. 

M 0710 pot as slum Aquo-A 7 nj}iono-}nAI (dlioxjihcnzcnvsul ji>n.(i I (\ ( d 
O-C.H.SOoNHK. 

Dipotassium Aqno-A mniiono-mAfcdh<):ii\i/b(‘iizrii cs u I f ouatc, ( d I h 
CgH^SOoNKo, is formed as an amorphous pr(‘cipitat,(‘ on adding tin; 
acid amide to an excess of potassiiim aini(h‘ in li(iui(l ammonia, 
solution. 

Potassium xiquo-AiiDnoiKh'p-MGtlioxijJuuLzoivsiilfona I (\ ( d I.^O < 
H.SO.NHK. 

Potassium Aquo-Am.niono-p-Toluvnesulj(ynal(\ ( ' J I.S( ).N 1 1 K, is 
formed as an amorphous precipitate when potassium aniid(‘ is added 
to a solution of p-toluenesulfonamide. 

sGerhardt and Chiozza, Ann, Ghcm., 87, 299 (1853). 
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Thallous Aquo-Aimiioiio-p-Toliienesulfonate, C^H.SOoNHTl and 
C7H7S02NHT1.1SFH3. Dried at 20 ° the salt contains one molecule 
of ammonia which it loses at higher temperatures. 

Cuprous Aquo-Ammoiio-p-Toluenesulfonate, C7H7SO2NHC11.2NH3. 

Cupric Aquo-Amniono-p-Tohienesiilfonate, (C7H7S02NH)2Cu.x- 
NHg. When the precipitate formed by the action of potassium 
amide on cupric nitrate is dissolved in a solution of p-toluenesulfon- 
amide a solution is formed from which the cuprous and the cupric 
salts were obtained, the one colorless the other intensely blue. 

Esters and Ester-Salts. Alkyl derivatives of benzenesulfonamide 
and benzenesulfonimide have been prepared by methods involving 
reactions identical in principle with those familiarly concerned in 
the preparation of esters in general. Examples of such reactions 
are the following. The nionomethyl ester of benzenesulfonamide is 
formed by the action of methylamine on benzenesiilfonchloride, 

C6H5SO2CI + CH3NH2 ™ CeH^SOoNHCHg + HCl, 

and also by the interaction of benzenesulfonamide silver and methyl 
iodide, 


C.HsSO.NHAg + CH 3 I = C,H,S02NHCH3 + Agl, 

I he dinud hyl ester by the action of dimethylamine 011 benzenesul- 
fonchloride, ♦ 

+ ((dl3)2NlI“(:;,lL,S02N(CIL)2 + HCl, 

ih(‘ N-eihyl-N-pi'opyl est(‘r by tlie action of n-propyl iodide on the 
})olassiiiin salt of the monoethyl ester of benzenesnlfonamide, 

(^dl.SO^N ( K)(\U, + i\M,l = 0,II,S(AN((bH,)(UI, + KI. 

The ethyl (‘ster of henzeiiesnlfoiiimide has been obtained by the 
action of b(‘nz(‘n(‘snlfon(‘hloride on N-ethylbenzeiiesnlfonaniide in 
the ])r(‘S(nic(‘ of alkali, 

+ (\dES(),(n = 

Ester-sal (s represented by the respective formulas, E.dl.SO.X- 
(K)On3, r,n,H()2N(K)(Ur3, ami (VH,SO..N(Na)C2Hr/ have been 
prepared though their existence was not contirmed by anal\sis. 

3 0-Alkyl and O-aryl esters of benzenesulfonamide have not been prepared. 

4 Rombiirgb, Ucc. irov. chim., 3, 16 (1884) ; Mulder, Monatah.. 25, 105 (1906) ; 
Kudernatscb, Monaish., 23, 1-0 (1902). 
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However Marckwald = prepared and f f 

the sodium salt of benzenesulfoii-n-liept\Uinidc, <A,nr,i^<),N (Na)- 

^ All 'these compounds, which in accordance will, the above consid- 
erations are to be looked upon as N-esters ot aquo-ammono benzene- 
sulfonic acids, undergo hydrolytic decomposition when lu>ale,l with 
aqueous hydrochloric acid. The methyl es er ot be,izen(>s,iltonam. 
ide, for example, is hydrolyzed as represented by the eqii.il ion, 

aH^SOoNHCH, + H,0 = cji^schon H- (in,,NIU, 


to aquo benzenesulfonic acid and methylamine which is an aniinono 
methyl alcohol. Whether or not this ester may be annnoiiolyzed in 
accordance with the equation, 


CeH.SO^NHOHa + NH3 


0„ITr,SO»hIlL-l-(ilI;,Nlh 


has not been determined. 

Benzenesulfonnitramide, 0,H,SO,N]r-N(),. As well be 

expected of a derivative of ammonia in which I wo ol, 11 h‘ am- 

monia hydrogen atoms are replaced by two strong acid-forming 
groups this aquo-ammono benzenesulfonic aqno-aminono nilric acid 
possesses the properties of a strong acid. In wabn* solid ion it red- 
dens litmus, attacks magnesium and zinc, dissolvers carl)onal(‘s witli 
the evolution of carbon dioxide and is a, good condneior ol (‘hrctric- 
ity. In liquid ammonia it discharges th(‘ n^d coloi* of an alkaline 
solution of phenolphthalein, attacks magn(‘siiim and ziin. <ind is a.ii 


excellent conductor. 

Hinsberg,® who first prepared benzcrinrsnironnil ra mid(‘, was wi^l! 
aware of its acid properties but took tlu^ lronbl(‘ lo prirpaiar lh(r am- 
monium and potassium sa.lt s only. 

In order to show that the nuinb(*r ol* possibl(‘ sails ot Ihis acid is 
limited by the number of av^ailable basics, Math(‘ws,' using wadn* as 
solvent, prepared fourteen salts ot th(r mix(rd aci<l. lb* also jirir- 
pared nine salts of p-toliienesulfonni(ramide and s(‘V(‘n salts of 
o-nitro-p-toluenesiilfonainide. 

Eiskainpf,® while failing to isola,t(‘ th(r li'(‘(r acids, sncc(‘(‘(l(Ml in 
preparing the aininonium O,ull-S().^NNO.^.N1 1 ,, sodium 
potassium Ci^JI^SO.^NNO.Jx, calcium (< m,l 
Ca-HoO, barium (CioHySOoNNt.lJ oI»a,.2II J ), (uipric ( ( ^,,,1 1-SOo- 


5 Marckwald, Ber., 32, 3513 (1899). 
sHinsberg, Ber., 25, 1095 (1902). 

T Mathews, J. Fhys. Chem., 24, 108 (1920). 

8 Marguerite Eiskampf, Thesis, Stanford UiiivcrHity, 1921. 
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NN()„),Cu. 4 Nri,,, silver OioH,SO„NNO.Ag, and nickel (CioH-SO„- 
NNO^) .Ni.ONH ., salts of / 3 -naplitlialenesnlfonnitramide and tbe aui- 
inoniuiu NO„<t,„n,,SO„NNO„.Nn„ sodium NO^CioH.SOolSrNO.'Na, 
potassium NOoCioHiiSOolSrNOjK, barium (NO,CioHoSO„NNO„)2Ba.- 
2 HoO, cupric (NO., CioHaSO,N]SrO,),Cu.5NH3, 'silver NOoGjoHaSO,- 
NNO^Ag and nickel (N02C,oHaS02NN02)2Ni.6NH3, salts of a nitro- 
jS-naphthalenesulfonamide, NOaCioHaSOoNH-NOj. 




APPENDIX, 


MANIPULATION OF LIQUID AMMONIA. 

Liquid ammonia may be conveniently removed from the commercial cylinders 
and transferred to vessels open to the atmosphere by following the procedure 
herewith described. 

In Figure 5, A is a cylinder containing liquid ammonia. is a convenient 
length of small lead tubing soldered at the one end to the steel fitting D and 



aliaclu'd at the other end to the ingress F of the vaeiium-jaeketed container B by 
means of a. piece of heavy-walled rubber tubing securely wired on. In lieu of the 
vacuum- jacketi'd contaiiK'r B a plain one B' may be placed in a Dewar cylinder 
as shown in the figure. I'he e.vit H is connected with a large bottle, or carboy, 
half filled with water. The stopcock tube 0 is sealed to the vessel B at right 
angb^s to the plane of the figure. When, now, with stopcock H opened and B 
closed, the valv(‘ IF on the stock cylinder is carefully opened liquid ammonia, at 
its boiling point at atmospheric pressure, will collect in receptacle B while at 
the same time ammonia gas will find its way through stopcock H into the carboy 
of wat('r where it will b(‘ absorbed. 

In ordt'i* to draw Tupiid from the container B into a vessel open to the atmos- 
nhere stopcock II is (dosed and (I is opemal. (Jas pressure on the surface of the 
liunid’ in B then forces the Tupiid out through G into the <)pen. Following the 
proeeduia' thus (h'scriluMl rnpiid ammonia may easily and safely be removed from 
the cominereial eylinders in any desired quantity. 
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Using vacuum- jacketed beakers, flasks and funnels, sketches of which are 
shown ill Figure 6, the manipulation of liquid ammonia in open vc^ssels becomes 
a comparatively simple matter provided the presence of more or less water is 
unobjectionable. For example Bohart i prepared pure potassium nickel cyanide 





by adding nickel sulfate to a liquid ammonia solution of poia,ssiiini cyanide, fil- 
tering the solution of the soluble double cyanide, formed in a,c(;or(lance with the 
equation, NiS 04 -f 4KCN = 2 KCbr.lsri(CN) 2 - 4 - from tlx* pol.assium sul- 
fate and any potassium carbonate which may have been j)resent in tiu' potassium 
cyanide used, and removing the solvent from the solution of the donhle saJt thus 
obtained by evaporation. Potassium cyanide and sodium cyanide have been puri- 
fied by dissolving the salts in liquid ammonia, filtering oil’ the iiisolnhle car- 
bonates and hydroxides and evaporating the solutions of the pure salts to 
dryness. 

Small Liquid Ammonia Containers. For gcnieral laboraiory purposes it is 
necessary to use small steel containers provided with well-made mu'dlc valves. 
Such containers may be of one to three or more liters capacity. 

Liquid ammonia may be transferred from the large comim'rcial <!ylhi(lers to 
these small steel containers, by connecting the two cylinders by imams of a lea,d 
tube provided with suitable fittings, as shown in Figure 7, op(‘niag va,lves (J 
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and D and then gently warming cylinder A or cooling B. Under tlie conditions 
tlius desci ibed, provided B contains no atmospheric air or other permanent gas, 
liquid flows readily from A into B. With B tared and standing on a small plat- 
foim scales the transfer of liquid is easily followed. Care must of course be 
taken not to fill the small cylinder completely. 

If ammonia from the auxiliary cylinder is later to be withdrawn in the form 
of gaSj the complete absence of water is assured by placing a few grams of me- 
tallic sodium in the cylinder B before charging it with liquid ammonia. The 
sodium, under the catalytic action of the cylinder walls, is rapidly converted into 
sodium amide which, like the metal itself, is an efaeient drying agent. 

Reactions in Liquid Ammonia Contained in Closed Systems. In general 
the reactions which have been studied in this laboratory have been carried out 
under conditions which insure all but absolute exclusion of water and atmos- 
pheric air in a manner which will be clear from descriptions of several typical 
procedures. 

Preparation of Silver Amide.^ This highly explosive compound is formed 
as a white precipitate when a liquid ammonia solution of potassium amide is 
poured into a similar solution of silver nitrate. 

A detailed description of the manipulations involved in the preparation of 
these solutions, of washing the precipitate, determining its weight and removing 
it from the reaction tube for analysis, follows. 

In Figure 8, A is a small steel cylinder containing dry liquid ammonia. F G 



is a lAvo-lcggt'd react ion tube of ulioiit 1 min. wall thif.-kne.ss, 15 to 20 mm. in diam- 
('t('r and with ('ach l(‘g sonui 15 to 20 cm. in length. is a small .3-\vay stopcock, 
pref(‘ral)ly of metal, attaelu'd to th(‘ exit of valve B, though it may be of glass 
in whi(di ease tin' eonneetion is made to B by means of sealing wax. D is a lead 
tube of small dianudin* (2 to 4 mm.) the one end of which is soldered to C, the 
otlnn- attacdied to the reaction tube at E by means of sealing wax. 

1’hls s(d,-up eoinplet ed, oiu' proceeds to dry the legs of the reaction tube. Leg G 
is (dosed by nnains of a cork stopp(‘r, stopcock E is opened and the three-way 
stopcock G is s(‘t to open tin? way from B through D, E and F to the outside. 

2 Franklin, J. Am. Vhem. Soc., 27, 833 (1905). 
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B i« then opened slightly and with a slow current of ainmouia passing, leg F is 
dried by heating it gently with a Bunsen llame. Transternng tl»c stopper from 
G- to F the former leg is dried in a similar nianner. Alter the reaction tube 
has cooled to the temperature of the laboratory and with ammonia gas stream- 
in through leg G {F being closed) a known (piantity of metallic potassiums ig 
introduced into G and placed in a position well up toward the bend. For the 
purpose of catalyzing the action between the metal a, ml liipud ammonia to form 
potassium amide a minute quantity of platinum black, (fontaiiuMl in a, long-handled 
platinum spoon, is first gently heated to remove moisture and then ])laeed in Q 
beside the metallic potassium. In general it is more eonv(‘ni(Mit to \ise a, small 
spiral of steel wire as catalyst. The spiral is plae(‘d in (^ near the exit, heated 
in the current of escaping ammonia to incia'ase its catalytic; aclivity and then 
pushed up the tube into the vicinity of the potassium by means of a glass rod. 
Leg G is now closed by sealing off the exit end, proceeding in detail as follows. 

Simultaneously closing G by means of a cork stoppcu- and setting the three- 
way stopcock C to connect B and the reaction tube to th(‘ af.mosphere, the oper- 
ator proceeds to seal off the end of G at a point wcdl away from the cork stop- 
per, using for the purpose a small hand blast lamp. K(H‘ping the glass soft the 
closed end of G is blown into symmetrical shape by pressun* brought about within 
the system by momentarily closing the opening at, by im'ans of tin* left-hand 

forefinger. Before allowing the seal to cool th(‘ blast, is play(sl back a, distance 

of sevm-al centimeters from the end of the tube in order to eliminate the sharp 

transition zone between the hot end and the adjaccmt cooler portions of the tube, 

otherwise the end of the tube will occasionally crack oil* sponta,m‘ously after a 
time. 

Having thus finished with leg G one brings leg F info a horizontal position, 
as shown in Figure 10, establishes a current of ammonia through F by prop- 
erly setting stopcock G and simultaneously launoving the stoppcu* from F. Fol- 
lowing these operations a quantity of silver nitrate ecpiivahmt to the metallic 
potassium contained in 0, is introduced into F, using for tin; purpose a long 
handled platinum spoon. Leg F is then clos(‘d a,ft(‘r tin; manner a,lrea<ly de- 
scribed for closing G. Stopcock G (Fig. 8) is now s(‘t to close; communication 
with the atmosphere and at the same time valv(‘ B is closcnl.'i 

After leg F has cooled the metallic potassium and silvm- nilra,t(‘ ar(‘ brought 
into solution in liquid ammonia. To this (‘iid th(‘ ri'acfion ( ub(‘ is imnuM’sed in 
an ice and water bath as shown in Figun; Li. Tlnui with a glass seinsMi inter- 
posed between the apparatus and the opera, tor, ammonia, is disf ilh'd from the 
steel cylinder A, Figure 8, into the react, ion tulu* until each of tli(‘ (,wo hgs is 
about one-third full whereupon with F and Ji (Fig. S) clos('d and with G open 
to the air, the lead tube is unsealed from F by soft,(ming tlu^ H('armg wax by 
means of a small flame. 

3 A measured length is cut from a j^lass lulx' wliiclj lias Ixm'ii IIIIimI wKli nielalllc 
potassium in the followinjj? (l(‘S<;rilK‘(l maniKM-. .1 In I'lnurc U r(‘i)r<'S('nl s a claan dry 
tube of any convenient dinamslouH, conHtri<*(c<i a( (a) and conlalnlofj; a lump of po- 
tassium at (h). The tube, (iisposiMl in a lan-pondlcular pusKlon, 1 m atladuMl to an air 
pump and exhausted foKowiii.u^ wbloli il is lauiOMl ('HIkm- wllli a Bunsen llaiu<‘ or iH'lO'r 
by means of a loiif; .slender eledrU-ally lieaUal air bath as sliowii lu the lljLjure. Tlu' 
mtdal melts and lea\dnK all dross ladiind, runs down (liroui;li ilie eousi riel ion ( u ) into 
the long narrow portion of th(‘ tula;. Admit llnj; ammonia /^as to the ui»p(‘r portion 
of the tube forces the nudal into tin; form of a <'oMtluuous <'.vllnd(‘r. d'lu‘ tula* con- 
taining the clean potassium is now (l<*tachc(l and closed wilh a rubber cap. 

4 When it happens to he desirabk; to avoid shorb'ulng the legs of tin* reaction tubr 
unduly, the following alt(*niativ(; i)r()C(;(lur<‘ for closing tbc lula* Is coinu'ulcnt. With 
the stopper closing one of the legs and with ammonia cscaplnK thi-ough tin* oth(*r, the 
blowpipe flame is played simiiltam'ously at a |)olnt mair the tidx* (*xlt ami on the 
end of a glass rod as shown in Figure 11. Wlu*n llu* glass bas sol'leiu'd tin* rod is 
joined to the tube and la‘nt into the position shown to H(‘rv(‘ ns a handle wlilh* (‘losing 
the tube. Just before the oix'ning through th(‘ si'al Is (Uitirely closed slopeoek (,* is 
opened to the atinosphen*, following which tli<‘ seal is eomi)l<‘l ed, as deserUxxl alx)V(;, 
and allowed to cool. 

6 In addition to using tlie glass scrc'cm tin; ear(‘ful worln'r will furllH*r protc'ct his 
eyes by wearing glasses or goggles. 
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Removing the reaction tube from the ice bath it is set aside until the metallic 
potassium, now in solution in liquid ammonia, is converted into the very soluble 
potassium amide under the catalytic action of the iron wire. During this action 
the stopqpck E is opened slightly from time to time in order to avoid undue pres- 
sure within the tube as a result of the accumulation of hydrogen gas. 

After the blue color of the potassium solution has completely disappeared and 
all the hydrogen has been allowed to escape, the reaction tube contains in the 



Fig. 9 


one l('g, E, a Hohitioii of silver nitrate, in the other, a >oliitiun ul judassiinn amide 
togtdJmr with the catalyst material and the piece of glass tubing introduced 

wilh the nieta, Hie potassium. . , , . i i 

d'he reaction tube is now taken in the left hand gloved it may be, though 
hardly iicf.essiuy— luid tipiiod in sucli a nmnner as to pour a portion of the po- 
tassium. amide solution into tlie silver nitrate solution. When this U done a 
white, iusoIul)le precipitate of silver amide is formed. Completely immersing 
the reaetioii tube — e.veeptiiig of course the stojieoek, which serves as a liandle 
ill ail ice-water hath hrings uhoiit the eoiideiisatioii of ammonia ou the inner 
wails of the reaction tube, thereby washing them clear of solution. After shak- 
im. the reaction tube to mi.v; the eonteuts of leg P and allowing the precipitate 
to” settle, further successive portions of potassium amide solution are poured 
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into the solution of silver nitrate so long as the formation of a preeipitatc con- 
tinues, or until all the potassium amide is used up. _ 

While conducting the operations just doserilied, iw well as (hose involved in 
washing the precipitate, it is particularly necossary to kee|i the inner walls of 
the reaction tube wet with liquid ammonia, a condition which is maiitained by 
completely immersing the reaction tube from time to time in an ice water bath. 
By keeping the walls of F wet one can, in general, keep them free from piirtiolos 
of the precipitate. In case such particles are allowed to become dry in contact 
with the tube walls, they cannot be detached and returned to the main body of 


the precipitate. 

The washing of the precipitate 
cipitate to settle, the supernatant 


is accomplished as follows. Allowing the pre- 
liquid, consisting csHentially of a solution of 




potassium nitrate, is decanted from the procii)itaio into l(‘g (L Piaciiiig leg F 
in an ice bath and G- in tepid water the pure solvent disliis rapidly oveu- from 
the latter to the former leg of the reaction tiilie. Tlu^ tula' is t ln'ii sliakfui (o mix 
the contents of the leg F, or in lieu of this, l(‘g 0 is plaei'd in i]i(‘ i(*(‘ hath and 
the lower end of F in tepid water witli the result tinit i,li(‘ mixing is acc'om- 
plished hy the boiling of the liquid in the latter leg. T1 h‘ piaadpitatf' is allowfal 
to settle and again the supernatant solution is decant ( mI into l(‘g (L 'riiis wash- 
ing process is continued until all the soluble material is nunoved from the pre- 
cipitate. 

The two legs of the reaction tubes are tiow S('aled apart in tin' following (h;- 
scribed manner. The leg F, containing the waslu'd pri'cipitatf' wf'Il eovf'ri'd with 
liquid ammonia, is placed in an ice bath, the stopcock is opened slightly arid at 
the same time leg G is immersed in tepid wati'r. With propi'r ndjustment of 
the stopcock F the ammonia in G evaporat.es away without, im'in'asiiig or de- 
creasing the amount of the liquid covi'ring the silver amide. It is parti(!iilarly 
important that the gaseous pressure on the surfa.(!e of Un' lirinid eovc'ring the 
precipitate be not unduly lowered since superlu'ating of t,he li<piid iherc'by 
brought about is apt to cause sudden viohmt boiling, or bumping, witJi the result 
that portions of the precipitate may bo thrown up on th(‘ walls of l,he tube F 
and over into leg G, or even possibly plugging the outlet tiilx'. Afti'r the solvent 
has disappeared from G, stopcock F is closed, leg F is transferred from the ice 
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Figure 13, following^ which ™ 

ammonia (A in Fig-. §). With stoneoek r cylinder of liquid 

B is opened sufficiently to allow a^slow stream” “^mosphere and to D, valve 

0 to the atmosphere. Then removino- +1 of ammonia gas to escape throuo-h 

slightly warmed by contact :dt^‘ ^e hanTrtT.^‘^ - 

slightly above that of the atmosphere Stmtnek^p is raised 

the result that the air in the conneJtiifiT I t 1' * *“ cautiously with 

Closing F7, the liquid ammonia bath is pfac^ h, i exit C. 

after which B is opened wide The Position around leg F, 

through C precluded any possible SraneJT^aVr "' from B out 

while at the same time atmospheric '' T'' 

Under these conditions leg ff is easilv^detach 1 reaction tube, 

for the purpose the smaU Lnd Xft t m ^ "^ing 

which should be a well-Jrou^ onj T' r^clo“'H E, 

all the sealing wax is carefully remnvppi f • unsealed, and 

titles of wa.x which, througi; inadvertencr on t\f Trt''of”'rhe^’' 

Snf ;re^r;*o7rne^dS;:SL^^^ ^ 

forcing solvent through and out of the%u\runtn ‘afl Jf^t h°e sTaP 

S D^Snhfse'o'peitfoni FTsTepf " 

monia bath from time^to time. ^ immersing it in the liquid am- 



“"f - ■ :■= - «= s s; 

cork IS open,.,! wide and tlie resiiliial g.as is completely removed liv tlie action 
) 11 piiiiip. le iJicpiiralmn liilio, now containing nothing otlier than the 

ni c silver amide, is .letaehed from the pump and widglied.o °Tb.. siiv r mn 1 , 
IS (lien hroiiglit into water solution in the form of silvi-i- sirlf..t„ . i ‘imidi, 

siiltale, and removed from tin- preparation tiilie in the folbiwing manliT*'”'”''" 
f - im- Ml the e.xterior end of flie stopcock-tiihe is displaced by water, usiim 
o tlie purpose ii small, narrow-stemmed pipette. Connection of tlie preparation 
t ube wil li a lieaker of Ireslil.v boiled water is tliei. made as rej, resented in Ficr. 
me M, the ,-oi,iie<-tiiig tube of gla.ss and rubber being likewise lillcd with water 
Siiiee Inpiid water on coming into coiitiu-t with silver amide inevitably brings 

this’^Viyianc-l In handling 
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about an explosion, it is necessary to effect the hydrolysis of the amide by the 
action of water vapor. To this end, with the preparation tube hold in the posi- 
tion shown in the figure, the stopcock is opened sufficiently to allow a small 
quantity of water to run into the lower end of the tube. The tube is now full 
of water vapor which in the course of some hours safely hydiolyzes the prepara- 
tion With the hydrolysis of the preparation completed, dilute sulfuric acid in 
amount somewhat more than necessary to neutralize the hydrolytic products is 
run into the tube in a manner which is obviotis. 

All that is now necessary in order to learn the oom|)osition of the preparation 
is to remove the aqueous solution of silver and ammonium salts from the prep- 
aration tube, determine quantitatively the silver and ammonia content and weigh 

the empty tube. _ . . 

To empty the preparation tube of its contents it is (unuuMii.cd with a 100 cc. 
flask and this in turn to a Bunsen pump as reiiresented in Figure 15. After 



setting the pump into action and opening tlic sloiicock, a- small huhlih* of 
air, which had been allowed to enter the tube alder tk(‘ conijih*! ion of the 
hydrolytic decomposition of tlie silver amide, forei's the soliii.ion from (lui tube F 
into flask A. Stopcock E is then closed, tlie [luinp tiib(‘ is (h'taf'luMl from Ibisk .1, 
followed by that of the preparation tube from the tbisk. 'I'lu* exit of the pn'p- 
aration tube is then immersed in a hi'akf'r of watiT and t.h(‘ stojx'oek op<'ii(‘d suf- 
ficiently to allow a small quantity of water t,o (nitf'r, following wliich the op(‘ra- 
tion described above is repeated to transfer this dilnt.e solution to Ibisk /I. 'I’liis 
rinsing process may he carried through oiuu' or twicf* again. I^'lask .1 is sid 
aside for later quantitative determination of its sllvf'r and animoiiia, eontf'ni. 

The w'ater remaining in the prepa, ration iiilx' is removixl by rinsing out, wit,li 
alcohol, the alcohol in turn by repeated rinsing with dry air in t following 
detailed manner. With a pressure below tlnii of tin' atniosphere ('stablislu'd 
within the pre[)avation tube, aleohol is run in by dipping th(‘ stopcock exit into 
a beaker of akiohol and eantiously opening stopcock, ('oiim'cting pix'parat ion 
tube to an empty flask a,s shown in Figure 15, l,lie aleolnd is r(‘mo\(‘d by sfdtmig 
the pump in action and o])ening stopcock E. Then with tin' prepa ra, lion tube 
distinctly warm the alcohol vapor is rinsed out with at-mospherie; air by alter- 
nately making and breaking its connection with the water pump. Finally with 
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the complete evacuation hy means of the Topler piunp and weighing of the 
empty tube tlic weight of the preparation becomes known. 

The weight of the preparation thus determined together with the amounts of 
silver and ammonia found in the aqueous solution of silver sulfate and am- 
monium sulfate obtained as described above, supply the data for calculating the 
composition of the silver compound found hy the interaction of potassium amide 
and silver nitrate. 

Preparation of Lead Imide.^ In preparing silver amide as described above 
potassium amide solution was run into a solution of silver nitrate. To obtain 
lead imide, free from admixture of basic salt, by the interaction of potassium 
amide and lead iodide, it is necessary to reverse the order of mixing the re- 
actants, that is to say, the lead iodide solution must be poured into a solution 
of potassium amide. To accomplish this end the procedure is as follows. A 
known amount of metallic potassium, together with the catalyst, is placed in 
leg (} of the reaction tulie set-up, as shown in Figure 8, following which the 
open ends of F and G are closed and ammonia is distilled into leg G, all after 
the manner already described. The reaction tube is then detached at E and set 
aside until the blue color of the potassium solution has disappeared. 

The potassium amide solution thus formed is transferred to leg F, complete 
removal of solution being accomplished by rinsing G with successive small por- 
tions of solvent distilled over from P. The reaction tube, with potassium amide 
solution in F, the catalyst and glass tubing in the posterior end of G, is then 
disposed with leg F immersed in a bath of liquid ammonia and E connected 
with the stock cylinder of liquid ammonia, as shown in Figure 16 (cf. Fig. 8). 


H 



Opi'iiing stopcock E just l)cforc the pressure in the reaction tube has fallen to 
that of tlui at,iuos])licrc, this tcj clear the tube D of air, and with a gentle cur- 
rt'iit, of aiumouia, (‘scai»iug from E (Fig. S) lliroiigh C, the end of 0 is ieino\ed, 
aloiu^ willi the catalyst wire and the glass tube potassium container, by cutting 
a mark with a tile at a point 11 near the end of the tube and touching the mark 
with a hot glass point. Siuiultaueoiisly with opening (r, sto[)Coek is set to 
estahlish a current of ammonia througli G to the atmosphere, thus pre\enting 
the eutrauee of air into the reaction tube. Following the removal of the wire 
suiral and lli(‘ bit of glass tubing a quantity of lead iodide equivalent to the 
poUiKsium amidc^ in leg F is introduced into leg G after which the tube is closed 
following tlu' proc('(lur(‘ already di'scribcd. ^ +* 

Aft(‘r the siail has cooled, the. ammonia bath is removed from i*, the reaction 
t.ube is disposi'd in an upright position in an ice and water bath {cf. big- 12) 
and the desired amount of ammonia is distilled into (?, following which the 

8 l^'ranklin, J. A iit . ('Iicni. Hoc., 27, S4:> (lOOo). 
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connection at E is severed. The operator now hiiH in his luinds a, ri'action tube 
containing potassium amide and lead iodide in its rcHpective l)raiK*lu\s F and Q 
On pouring lead iodide solution into tlie soiniioii of potaHHiiiin ainich* a, pi’oitipitate 
of lead imide is formed which is washed and removed from tlu* reaction tube for 
analysis following a procedure which is now familiar. 

Preparation of Potassium Ammonoplumbite.** lanul imid(‘ diHsolvea in 
excess of potassium amide to form a potassium ammonoplumbit(>. 
ing procedure yields this very soluble salt pure and Ix^autJ fully (!rysialliz(*d. 

Lead imide is precipitated and washed in the inanmu’ (h'serilx'd a,bov(‘ except- 
ing that operations are begun by introducing tlu' imd.allic potassium and ca,talyat 
into leg E of the reaction tube in order that the pure lead iinidci shall appear in 
Q, the washings in F as shown in Figure 17. One tlien procuMuis as follows to 




remove the potassium iodide and catalyst and to prepares in l(‘g F a, solution of a 
quantity of potassium amide approximately (‘(piivaleut to (be b'ad imidt* eon- 
tained in leg G. After distilling all the sohamt from A’ lo into l.akiug care 
during this operation to collect and dry all the polassium iodich* in tin* bol.Loni 
of F, the reaction tube with leg 0 immersed in a li(iuid ammonia, balli is con- 
nected with the ammonia supply tank as shown in bbgun' IS. I)iHj)Iaeimr 
the air in the connecting tube 1) after the maum'r alrcaidy (leserilxMl (li,>n 
with E and C wide open and B slightly open so tluif a, slow current (if am- 
monia is escaping at G (cf. Fig. 8), the poatm'ior (md of leg F is nonoved alone 
with the iron wire catalyst, the potassium iodide forim'd by the iu((Mae<ion ol 
poUssium amide and lead iodide, and sm^li other impurilies as may he pia^scnii. 
With a current of ammonia escaping througli A’, siopcoek f/ ha\ ing Ixmmi hvI to 
arrest direct communication with the atmos])b(‘re, any maferijil clinging lo the 
interior wmlls of F is removed by means of a eoKon swab moisleiu'd wilh li(jnid 
ammonia. A swab moistened with water, or ev(m with dilul(‘ b ydrochlorie acid 
may be used if necessary for emeient cleansing of <],(* tul)(‘ walls. Aft<*r drying 
leg a quantity of metallic palasaium, appro.vimately e(iuival(mt to <b(‘ amount 
of lead imide contained in (?, together with the catalyst, is int roduced into h'g F 
which IS then closed in the manner already descrilxxl. Nlopeoek E a, ml valve B 

rpLlT.'' ujisealed at E and the li<,uid ammonia bath is 

removed from leg G. Hot F and cold G having taken on the temixumture of the 

15 , son (jnij) 

tache^'® l„I,e whld; 11, o h1.,„(,„oU la ,,t- 
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laboratory a portion of the liquid contained in Q- is poured into F. After the 
blue color of the potassium solution has completely disappeared and all the hy- 
drogen generated has been removed the potassium amide solution contained in F 
is poured into G, whereupon the lead imide goes into solution. The solution of 
potassium ammonoplumbite thus formed, together with small quantities of in- 
soluble material which are generally present, is transferred to F and allowed 
to stand until the suspended matter lias settled after which the clear, colorless 
solution is decanted back into GM 

The walls of F, the arc of the reaction tube and the walls of G above the 
solution are rinsed by holding the reaction tube in such a position that ammonia 
condensed on the inner walls of F, of the stopcock tube and of G will run into 
the solution in G^ and stroking the areas mentioned with a cotton swab sat- 
urated with liquid ammonia .12 When F, the arc portion of FG, the stopcock 
tube and the walls of G above the solution are entirely free from salt, the re- 
action tube, with in a bath of liquid ammonia and E connected with the cylin- 
der A (Fig. 8), is set up as shown in Figure 19, care being taken to remove all 




Fig. 20 


ili(^ air from I) \\lii('h (‘o!ni(‘ct.s with cylinder A (Fig. 8). Leg F is then sealed 
oir at llic liiu! 77, tlius shortcming this leg to what now constitutes, in 

('iL'ct , a small ci- ystalli/.i ng \'essel. Detaching the reaction tube at E, the piiritl- 
(!a,tio!i of tin* salt is tlam <;on<lucte(l as follows. Ammonia gas is allowed to es- 
(•aj)(‘ Ihi’ough E until th(‘ \'olunu! of the solution becomes such as to till the 
h‘g F from oiK'-half to two-thirds full. Pouring then the solution into F, tlie 
r(‘a('tion tula* is set up as shown in Figure 20 with the respective legs in separate 
balhs of wat(M-. l)rop[)ing pieces of ice from time to time into tlie bath sur- 
rounding (t this l('g is maintained at a temperature lower than that of F under 
which conditions tlu; sohanit slowly tw’aporatt*s from the solution in F and is 
eon(l(ms('d in leg (}. Py regulating the rate of evaporation a crop of beauti- 
ful crystals soon begins to grow. In ease a salt crust begins to creep up the 
walls of the crystallizing vi'ssel it can be dissolved and returned to the solution 

11 In tlu' (■as(' of otlK'i- (*oini)oun(ls whioh ar<* only inoderati'ly soluMe. the process 
of parilica I ion hy cryshilli'/allon follows fi-oin lieis'. Assmiiin.u', for example, we have 
in our hands a simiiar ri'aclion tube eoiitainin.u’ i)ot:issiiiin anunomiariientare luadi- hy 
dissolvin;^^ silven* amide in a solution of potassiiiin amide, then a crop of crystals may 
1 -c oMain.-il -dr.o'y by adjusting' the solution to a proper concentration and cuolinj' 
siii'.u'ian -Iv lw*o l(*j;s of the reaction tube by immersion in lionbi ammonia. 

12 Allt'rnalely, in cas(> tinely divided material inii,dit be earri.Ml i.i.-o'l': into a when 
followin^^ (In' above j.-roc-dur.-', tin* rinsinjj;- is doin' \vith the tube in an upright posi- 
tion, (In* wmshings cidieci i:ig in F being poured over into O. 
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hj circumspectly mopping the walls of F above the Holutioii with a cold cotton 
swab. Tlie evaporation of the solution is continued until a saXiafaetory crop of 
crystals has been deposited. The mother liquor is then pourcul over into Q fol- 
lowing which operation the walls of the reaction tube are cl(‘ansed of adhering 
salt solution by the use of a cold mop as explained above. Distilling solvent 
from G into F the crop of crystals is brouglit into solution in fresh solvent 
whereupon the procedure described above is repeated and tlum, it may be, yet 
again. If for any reason the salt separates as a mush of minute (;rystala one 
does well to bring the salt back into solution and start the crystallization process 
anew.13 

With the pure salt — partly in the form of solution — in F, inoiluir licpior in Q 
and with the walls of the reaction tube rinsed free from H(dution — u.nd not neg- 
lecting small amounts of solution or dry salt whitdi may ha,ve ga,ined entrance 
to the stopcock-tube — legs F and G are siniultaiK'ously (booh'd by imnuu-sion in 
liquid ammonia, following which connection is ina(h‘ with th(‘ HUp[)ly of ammonia 
gas after the manner already described, thus giving the sirrangcuncmt shown in 
Figure 21. Preparatory to sealing apart the legs F a, ml f/, Ht,op(ro(!k F and the 
open ends of the Dewar tubes are protected by aslxsslos ])ap(‘r shiidds. Leg 0 
is then detached from F, using for the purpose a snuill hand blast lamp. Leg G 
containing the mother liquor is set aside. (Figure 2:{.) Allowing time for 
the seal to cool stopcock F and valve B are c1()s(m 1, the conlaincr F is unsealed 
from the lead tube and, after removal of sealing wax from th(‘ sf.opcock exit 
is attached, still immersed in its bath of liquid ammonia., to a Tdphn- pump as 
shown in Figure 22. 

Setting the pump in action ammonia is remov(‘d from F until, with the dis- 
appearance of the solution, the pressure within tli(‘ syslem shows a. sharp de- 
cline,i4 at which juncture F is disconnected from <h(‘ pump, aIIow(‘d lo warm 
up to laboratory temperature and weighed. Coniu'cting F again witli the pump 
it is evacuated at laboratory temperature and again wenghed. Finally tlie tube 
is evacuated at 90®, cooled, and weighed, following whidi it is d<Vivcr('d of 
its contents, dried and weighed empty, following lli<‘ pnxa'dnia' ahaaidy (h'serilx'd 
in detail for the removal of silver amide from its eontaiiun*, <‘\e(‘ptiiig that the 
products of the hydrolysis of potassium ammonoplumhii (‘ ar(‘ (IIhhoIvcmI in dilute 
acetic acid. Quantitative determinations of tin* amount of h'ud, potassium and 
ammonia contained in this solution together wilh tli(‘ weigh ings dt'Hcrilx'd <dve 
the data necessary for calculating the composil.ioti of tin' componiidM obfairu'd. 

From the mother licpior set aside in f/, Figure* 2:1, a. si'eond crop of cryslals 
may be obtained following the i)roe(*dure hen'wiili d(‘scrib('<l. 

The tip of container G is opened and drawn out in the form of a long narrow 
delivery tube as shown in Figure 21, (*are bring lake'ii lo avoid (‘iitraiice* of 
moisture or air to the tube during the op(*ra(ion. G ( I'hg. 2 1 ) is (li(>n s(*t aside* to 
be taken up later. 

A reaction tube to wliich a tnbnlnre II lias be*e*n He'ale*el, Mgni-e* 2;!, is e*e)ime‘e*te*d 
with the small cylinder of ammonia (1, Fig. 8) in the* neew familiar ma,iine*r. 
With a gentle current of ammonia i)a,ssing I la* re*!ie*lion lube*, one* pre)e*e*e*eis wii.h 
the operation of drying its three hraiiclies and ele)sing Ihe* twe) Ie*gs F' and G' 
at the dotted marks. Maintaining a current eef amineenia, tlireengh lln* re‘a,e:tie)a 
tube, now out by way of tulmlure If, placing a batli of liepiiel aimueenia, in posi- 
tion ^surronnding leg Cr, Figure 20, llie me)lhe‘r liepie.r is tra nsfe*rre*el rre)m G to 
leg O'. Ihe container G, Figure 21, is remeive'el fre)m i(s halh anel warnie'el in the 


^■Uns(e‘iiel of r()lle)wiiig llu* proe-e'elure! jiis( ele*scrihe*(| I Ik 

11 h‘ se)liilion (<> pnaxT (-oncciil i-a I hi 


ohlaiiK'el we'll 


npVati -A Ina eVX; ‘ V- |)n»|><T .-kimviK i-;, I h.n al lahanilorv le*in- 

^ 40 “ t <*are;*lnlly (e) jln^ l.onpe'ra (uri‘ of hollinj- aniinonhi. 

even at tTifs° ImV .4- ” " y"'""' wlilcli, 

zatiou from the •■■i- • n.- '’""‘il liiiiiiijhie: n.juovi's <i|’ <T.vslnlll- 
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region of the surface of the solution hy contact with the operator’s fingers until 
the pressure within is slightly above that of the atmosphere.is The slim de- 
livery tube is then opened and inserted through tubulure H into the position 
shown in Figure 26. Rotating now container (I on the axis of its stem the 
solution runs quietly into Partly withdrawing G, it is held with its exit in 
the upper warmer portion of O' until any drops of solution clinging to the tip 
of the delivery tube shall have evaporated away. '^Phe stern of G rna,y now be 
withdrawn from O' without danger of smearing the walls of if with salt solu- 
tion which on drying leaves an explosive residue. Closing now // hy means of 
a hand blast lamp, removing the liquid ammonia bath and disconnecting the re- 
action tube from the ammonia cylinder one proceeds (o pri'pare a second (jrop 
of crystals following the steps already described. 

Having described in detail these somewhat elaborate p!*ocednr('s it IxHioraes un- 
necessary to concern ourselves further with this subject, other than to give the 
following references to papers in which a considerable variety of nninipuhition 
details are described. 


Franklin and Kraus, Am, Ghem, J., 20, 82C (1808), 23, 277 (1000), 24, 83 
(1900). Hugot, An^t. chim, ph^s., [7] 21, 6 (1900). Stock and IToirmann, Rcr., 
36, 895 (1903). Franklin and Cady, J. Am. Ghem. Soo., 26, 499 (1904). Cady* 
J. Phys. Chem.i 9, 477 (1905). Franklin, J. Am. Ghem. kfoe., 27, 820 (1905),^ 
Ruff and Geisel, Ber., 38, 2659 (1905). Gibbs, J. Am. Ghem. Boa., 27, 851 
(1905); 28, 1395 (1906). Fitzgerald, J. Am. Ghem,. Boa., 29, 050 (1907). 
Kraus, J. Am. Ghem. Boo., 29, 1557 (1907). Franklin and Kraus, J. Phys. Ghem'. 
11, 553 (1907). Fitzgerald, J. Am. Ghem. Bog., 29, 1093 (1907) . Sh<‘rry, J. Phys. 
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Zinc amide, 59 
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Zirconium nitrides, 190 
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